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APPENDIX A 


SERVICE FUNCTIONS DEFINITIONS 



APPENDIX A 


SOC/Shuttle Interaction Extenaion Study 
Service Functions Definitions 


Function 

Deploy 

Observe/Inspect 

Maouever 

Retrieve 

Repair 

Haintain 

Safe 

Checkout /Test 

Supply /Resupply 
Reconfigure 

Override 

Return 

Separate 

Dock 

Berth 

Hate/Denate 

Stow 

Prepare 


Definition 


Extract/reposition payload out of cargo bay, extend/ 
retract appendages. Use a qualifier for further 
clarification. 

Examine, monitor, touch, gather data, investigate, 
look into. 

Stabilise, orient, transfer, transport, trim. 

Berth, dock, grapple, capture, recover, proximity 
operations. Use a qualifier for further clarification. 

Remove /re place inoperative parts, restore damaged areas, 
unscheduled cr corrective maintenance. 

Clean, preserve, adjust, calibrate, align, scheduled or 
preventive maintenance. 

Fasten/unfasten, tether, latch/unlatch, activate/ 
deactivate, shield/cover, secure, protect. 

Diagnose/isolate, assess/analyse, self-check, verify, 
act iva te/deactivate. 

Fuel/refuel, replenish consumables (fluids, batteries). 

Software change, hardware functional change, reliability 
change . 

Cxtend/retract, open/close, latch/unlatch (remotely 
or manually). 

Return to SOC, return to earth. 

Separation of two spacecrafts from each other, release, 
disconnect, detach. 

Joining of two spacecrafts by RCS. 

Joining of two spacecrafts by manipulator. 

Joining/unjoining of two matching interfaces, connect/ 
disconnect. 

Store, reserve, set aside. 

Hake ready, plan, rehearse. 
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OTV - GROUND SERVICING 


1.0 2.0 3.0 4.0 S.O 
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SCEHARIQ; 


OTV Cround Servicing 
II .0 UnaCow OTV 


ACTIVITT ; 

DBSCRIPnOH l Upon landing of the orbiter and its transportation to Che 

' Orbiter Processing Facility^ its OTV cargo will be unstowed 

fcoa the payload bay and loaded onto an OTV transporter. 

SOPPOBT EQOIPMBMT ; 

(1) Crane for lifting OTV from orbiter. 

(2) OTV transporter. 

CBBW IMVOLVEHEMT ; flOne . 

SOC PROVISIONS ; Rone . 

OTV PBOVISIOHS ; Ficcings Co interface with crane. 

ORBITER PROVISIONS; Rone . 


OrJlGiWf.- - - 

OF POOR • 





FUNCTION OTV Ground Servicing 
ITCM ll.O Unatow OTV 

METHOD Crane 

ATTAOtCNT 

■ 

PAGE 


SUBJECT Selected Method 



with the orbiter in Che Orbiter Processing F<icility (OPF), manually attach 
crane fittings (A) next to longeron trunnions. Eieleasc longeron deployable 
fittings on the orbiter. Crane lifts OTV out of payload bay, separating the 
electrical umbilical connection, and lovers the OTV into Che OTV transporter 
where Che longeron trunnions are recepCured. 


OF POO;? 




. .1 
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SCEHAMOt 


OTV Grouod S«xviclag 

12*0 Tr«o«porC OTV to OTV Pzoecaaiag Facility 


ACTIVITT 8 

OBSCRIpnOU t Within its trwsportev, tha OTV is moved to the OTV 

' Processing Pscility where it is unloaded end iastslled 

on the OTV Service Fixture for the start of servicing 
and repair operations. 

SPPPORT EQUIPMENT ; 

(1) Crane for lifting OTV from transporter to Service 
Fixture. 

(2) OTV Transporter. 

(3) OTV Service Fixture. 

CREW INVOLVEMEMT ; Hone . 

SOC PROVISIONS ; Hone. 

OTV PROVISIOHS ; Interface compatibility with the service fixture. 

ORBITER PROVISIONS: Hone. 


OWGINPA- 
OF POOK Q‘ ■ ' 




ATTAOfOT 


FUNCTION 

ITEM 

OTV Ground Servicing 

12.0 transport OTV to OTV Proc. Facility? 

METHOD 

Transporter/Crsne 




OTV PROCESSING FACILITY 


OTV is transported in the OTV transporter to the Pr ':essicg Facility. 
A crane (equivalent to 11.0) transfers the OTV to the service fixture. 
Umbilical interfaces are not connected. 


0RfG2wAL r,':..:: 'J 
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SCENARIO 


OTV Ground Servicing 


ACnviTT ? 13.0 Inspect OTV 
14.0 Kate C/0 CSE 

DESCRIPTION : A complete external inspection of Che OTV is the first 

servicing activity the OTV will uridergo after installation 
into the service fixture. Subsequently, a 3SE checkout 
uaibilical will be manually mated to the OTV for further 
servicing operations. 


SUPPORT EQUIPMENT; 


(1) 

Service Fixture 

(2) 

GSE Umbilical 

CREW INVOLVEMENT; 

None . 

SOC PROVISIONS: 

None . 

OTV PROVISIONS; 

Interface compatible with GSE. 

ORBITER PROVISIONS: 

None. 


OF POOR ‘ ^ 


FUCriCN 

iTtM 


^CTHCD 


SUBJECT 


! 

OTV Ground Scrrlcing ATTAOtEKT 

n.O IncpccC OTV * 14.0 Kit« C/0 CSS , — " — “J 

W»nu«l PACE 


Salceted Mathod 


ORIGINAL PAu:: f? 
OF POOR Q'JAU j y 



OTV SERVICE FIXTURE 


13.0 Inapect 

All accesaiblc external treat are inspected «asually Cor evidence 
oC damage /wear, 

U.O Hate OTV With CSE 

Umbilical interfaces are laade by connector extenaiont duplicating 
the in-tpace servicing by SOC. 

Connections arc visually monitored to verify alignment and 
attachment. 


Additional aunual connections may be esade to individual LRU's and 
aubasBcmblies if required. 






RJKCriCN 07V Ground SarvicUt 

|7P< 13.0 InapocC OTV ft U.O Kata C/0 CSS 

rmcD 


ATTMHCNT 


SUBJECT Salaccad Hachod 



Tha OTV Sarvics Flatura uutt duplicate tha usbilical connactioua to ba 
uaad in spaca (SOC) to verify tha alignaant and aCtachoant functiona 
(pull-in. QD laahaga, ate.). 











SCENARIO : OTV Ground Serrining 

ACTIVITT ; 15.0 Tone OTV (Faulc Isolation) 

DESCRIPTION ; A eooplete ayatems teat will be conducted to checkout 
the operations of all systems, subsystems and LRU's. 
The GSS test equipment will interface the OTV through 
the umbilical on tbs sezvice structure. 


SUPPORT EQUIPMENT ; 

Cl) 

( 2 ) 

(3) 


Punctional Test Station. 
OTV Service Fixture. 

GSE Umbilical. 


CREW INVOLVEMENT: None. 


SOC PROVISIONS; 


OTV PROVISIONS: 


None. 

Interface compatible with GSE. 


ORBITER PROVISIONS: None. 


ORiGW^-' ’ ’' 7 \ . : 
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ATTAO#CNT 


nicrioN 

ITEM 


l«THOD 


SUBJECT 


OTV Ground Servicing 

15.0 Test OTV (Feult Isolation) 


CoMputeriaed Test 
Selected Method 


PAGE 
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OTV SERVICE FIXTURE 


Coaplet:e functional tests of the OTV system operations would be made 
through the electrical umbilical and any other manual connections to 
verify correctness of operation. Identification would be made of faults 
in system, LRU, and aubassembly operations. 

Tests would be pre^prograsiaed with manual program accession capability 
to isolate faults to the lowest level. 











SCESARXOt 




ACTIVITY t 16 pO PaxfoxB Scheduled Eepeir 

PESCRIPnOM : Oalp cboae LBS's which were scheduled for replaceaeat 

ace reaoved from the OlV and new units iostslled. 

SUPPORT EQPIPKBKT ; 

(1) LSD Storage p 

(2) Manual tools for assembly/disasseably. 

CREW IHVOLVEBENT : Rone p 

SOC PROVISIOHS ; Honcp 

OTV PROVISIOHS ! Kone. 

ORBITER PRCVISIOMS: Bone. 






OTV Ground Servicing 
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SCEHAMO t OTf Ground Sorvicing 

ACnvlTt; 17.0 EOrfora Unocbodulad Rapnir 


PBSCRIPTIOW » All sufesyateoa. LRD'a, etructural axeaat ate., that uem 

' idcnCifiad in Activlciaa 13.0 and 15.0 aa faulty or 

daaaged art repaired and taated at the cooponent laTtl 
to verify aatiafactory perforaanca. 


SUPPORT EQUIPMEMT ; 

(1) Cooponent, LED Storage. 

(2) Manual Toola. 

CREW IWVOLVEMEWT ; None. 

SOC PROVISIORS ; None. 

OTV PROVISIONS ! Hone. 

ORBITER PROVISIONS; None. 
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OTV Ground Servicing 

17 «0 Ferfona Unicheduled Bepeir 


ATTAOtCNr 


SlBJECr Selected Htthod 



Menuel Operations 

Provide repair /replaceaent of etructurs, attached items, components, etc. 

With active component replacement (connector, valve, etc.) manually check 
functional operation after replacement (conductivity, open/close activate, 
etc.}. 


OF POOR 
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SCEHABlOt 


OTV Ground Sorvicing 
ACnyiTT t 19.0 ChoekouC OTV 

DBSCMPTIOT,* Functioonl tcotn will be conducted to verify system 
readinces at the OTV Processing Facility. 


SDPPOBT EQOIPMENT ; 


(1) Functional Test Station. 

(2) OTV Service Fixture. 

(3) GSE Umbilical. 


CBgW INVOLVEMENT ! 
SOC PROVISIOHS : 

OTV PROVISIOHS } 
ORBITER PROVISIONS ; 


None. 

Hone. 


Interface compatible with GSE. 
Hone. 










SCENARIO 


OTV Ground Servicing 

21.0 Verify OTV Integration With Orbiter (CITE) 


ACTIVlTt : 

PESCRIPTIOB t The OTV euat be removed from Che aecvice fixture and 
loaded onto a transporter. It is then carried to the 
Vertical Frocessing Facility where it is removed from 
Che canniater end installed into Cargo Integration Test 
Equipsant (CITE) to verify its compatibility with the 
orbiter payload bay. 

SUPPORT EQUiraEBT ; 

(1) Crane at OTV Processing Facility & Vertical Processing 
Facility. 

(2) OTV Transporter. 

(3) CITE. 

CREW INVOLVEMENT } None. 

SOC PROVISIONS : Hone. 

OTV PROVISIONS : Compatibility with CITE. 

ORBITER PROVISIONS; None. 


I 





FUNatON 

HEM 


rcncD 


SUBJECT 


OTV Grouad Sanrieiag 
21.0 Verify OTV lategretioa With 
Orbiter (CITS) 


Selected Method 


ATTACWEMT 

PAGE 



21.1 Traoaport to Vertical Processing Facility 

Kaoually attach crane fittings (4) next to longeron trunnions. 
Crane lifts OTV out of service fixture and into the payload 
cannister. Payload cannister is transported with OTV to 
Vertical Processing Facility. 


ORIGIN^'- 
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OTV Ground Servicing 
21.0 Verify OTV Integration With 
Orbiter (CITE) 


ATTAOfEWr 


Selected Method 





21.2 OTV ie renoved from payload cannister and Installed into cargo 
integration test equipment (CITE). (Payload bay mockup). 

21.3 All OTV/orbiter interfaces are checked for correctness. 
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OTV-SOC SERVICING 


2.0 3.0 4.0 5.0 



7.0 8.0 9.0 TO.O 
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SCENARIO: 


OTV/SOC Sarriclag 
ACnVlTT : t.O X*tun OTV t4 SOC 

DRSCRIPTIOH t Upon tbc conplotion of a mission, a tpaca-basad OTV 

raturna to its basa, cha SOC for rafurbistnant, rafualing 
and mating to anothar payload as a praluda to tha start 
of anotjar miasion. 

SUPPORT EQUIPMEHT t 

Control and Hooitor Station. 

CREW IWVOLVEMEKT : 

XVA crawsan to oparate tha control and monitor station. 


SOC PROVlSIOWS t 

OTV control and mcnitor station. 

OTV PROVISIONS : 

Communications and data link with SOC and ground control 
station. 

QRBITER PROVISIONS! Nw. 



ATTAdfCNr 


RJNCnON OTV/SOC Sarriclnc 

t.O Ratun OTV to SOC 


fCTHCD Ftogra— Seh>dula/Upd«f 


SUBJECT SaUetad Hithod 





^ RDTATC 


Sl^OOWN 


^ socQuir 


PAGE 
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Following cha cranaporC and relaata of the payload to its CEO orbit, tba 
OTV will be CO turned to the SOC orbit by a pra-progcaaed scheduls with 
update and corrections transnitted froa ground-based or space-based control 
stations not necessarily involving SOC control. 

o M.S. thruster turned on to approach SOC orbit on a non-collision 
course . 

o H.E* thruster turned off at a pre-dete rained velocity, 
o OTV rotated for retrograde thrust. 

o M.S. thruster turned on to stop OTV at SOC orbit in proxiaity 
to SOC. 

o Main engine shutoff. 







ATTAOfCMT 


FUNCTION 

ITOH 


«T>DD 


aajEa 


I 

OTV/SOC s«rvieins 
1.0 Saturn OTV to SOC 


PAGE 


If SOC it eonfigurad to aaauaa control, nonltoriog, and eorraction of 
tba crbit traoafer of OTV payload by tha OTV, it would alao ba practical 
for SOC to control tba ratum orbit tranafar of tha OTV. 

Hora likely tha tranafara will b« ground controlled directly or through* 
■atellita relay atationa. 

Ratum tranafar would ba to an orbit conaiatant with tha SOC orbit at 
a location poasibly S to 20 n.ai froa tha SOC in a direction froa which 
the SOC could waintain control over the subaequant cloaure tranafar. 

An IVA wanned SOC control conaola aCation with antenna control and data 
tranafar ia required for thia, and aubaequant activitiaa. 






SCEKAKIO: 


OTT/SOC Sarrieing 
ACnVfTT i 2.0 Sate OTT 

PESCRIPTIOW : Whila tba OTV is parkad £o tha proximity of cIm SOC upoa 

ratum from a mission, it is sated fox subsaquant docking 
to tbs SOC. Safing oparaciocs ara controllad automatically 
from tha OTV control and monitor station on-board tba SOC. 

SUPPORT EOPIPMEKT i 

Control sad Honitor Station. 

CREW IHVOLVDffiMT i 

IVA craamaa to control safing oparations. 


SOC PROVISIOKS ; 

OTV control and monitor station. 

OTV PROVISIOHS : 

Conmuaics ictu.' and data link with SOC and gi-^nd control 
atati 1^. 

ORBITER PROVISIOMS! Nona. 





RJNCTtON orr/soc Senricing 
ITB1 2.0 Safe OTV 


fCTHQD 


SOC Control 


ATTAOtCNr 


PAGE 



SlSJECr Selected Method 
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Following the return of the OTV to s relatively stable location in the 
SOC orbit, the SOC will assusK transmission control of the OTV. 

o ACPS turned on to verify reaction control function capability. 

o OTV main propulsion system safed. 

Shut off main engine isolation valves and verify. 

Shut off cryo isolation valves and verify. 


B-25 


i 





FUNCTION 

OTV/SOC Servicing 

ITW 

2.0 Safe 0T7 




ATTAOtCKrr 



SUBJECT 


Main pxopulaion apacam would ba safed prior to closura tranaCar to pxavant 
anp unauthoriaad aain angina thrust during cba approach Co SOC. 

Tha main propulsion systaa would not be safad until ACFS control is aaCS'- 
blisbed on Cba contingency that failure to assune ACPS control oiay require 
■ain angina operation to novc tha 0X7 away fron tha SOC orbit to prevent 
collision. 


Normal safing of main angina tanks would not be pexformed hare in order to 
maintain and conserve expendables. Contingency dump and purge activity by 
resiotc SOC control would be available if status feedback indicated a 
dangerous condition. 


B-26 






SCENARIO: 


OTV/SOC Servicing 


ACnVlTT : 3.0 Dock OTV CO SOC 

■ A.O Safe OTV 

MSCRIPTIOH : The docking operation roquirca pulsing of the ACPS to 

offset s hard dock of the OTV to the service fixture 
of the SOC Flight Support Facility, Upon verification 
of docking, the OTV ACPS Hust be aafed prior to the 
initiation of any other OTV related activity. 

SOPPORT EQOIPMEST ; 

(1) Control and Monitor Station. 

(2) Docking Port. 

SOPPORT BQDIPWEHT : 

IVA cremen to control docking and safing operations. 

SOC PROVISIONS ; 

(1) OTV control and aonitor station. 

(2) Docking port on FSF. 

(3) Xnstruaentation for docking verification. 

OTV PROVISIONS ; 

(1) Comunications link with SOC and ground control 
station. 

(2) Docking port. 

ORBITER PROVISlOSSt None. 




sifijEcr 


OTV/SOC Sanrieing 

3.0 Dock OTV to SOC « 4.0 SAFE OVT 
SOC Control of ACFS 


Solactcd Method 


ATTAOtCKr 


OTV ie under treneaiseion control by SOC. 

o ACFS turned on to epproecb SOC on e non-collision course. 

o ACFS turned off st s pre -determined velocity. 

o ACFS turned on to step OTV st close proximity to SOC (200m). 

o ACFS Operated in conjunction with a dock monitoring system to 
maneuver OTV end effect e herd dock to the docking port et the 
outer end of the service fixture. 

0 ACFS turned off end sefed. 


ORIGINAL 

OF POOR QUaJiTY 
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SCEHARIO t OTV/SOC S«rvicing 

ACTIVirr : 5.0 Maoeuwr 0T7 to FSF 

DKSCRIPTION I One* docked to the 7SF, the OTV nuot be traaiported to the 

FS7 side where repeir end neintenence operations can be 
conducted . 

SOPPOOT EPOIPMEMT ; 

(1) Manipulator 

(2) Grapple Fixture 

(3) PIDA Interfaces (2) 

CREW INVOLVEMENT : 

IVA crewaen to control OTV transfer operations to Che 
FSF side. 

SOC PROVISIOHS ; 

(1) Manipulator on FSF. 

(2) PIDA interfaces (2) on translation rail. 

OTV PROVISIOMS; 


(1) Grapple Fixture 

(2) PIDA Interfaces (2) 

ORBITER PROVISIONS ; Hone . 




SUBJECT 






FUNdlCN OTV/SOC Servicing 

ITEM 5.0 Manuevsr 0T7 to FSF 


fCTHQO Habile Servicing Kanipuletor Svstea 


ATTACWCKr 


Selected Method 


nn I a 


last 




OTV ia docked and safed in activities 3.0 and 4.0. 

(1) SF manipulator arm (either side) attaches its end effector to 
a grapple fixture (TBD) on a aide normal to the OTV FIDA 
interfaces. 

(2) SP docking port latches are released, 

(3) OTV is backed off -Z, translated -t-X and -t-Z. and docked -X 
onto the SF carrier support FIDA docking interfaces. 

(4) Manipulator arm releases grapple fixture. 

(5) SOC maintains remote control and monitoring of OTV. 














SCENARIO 


OTV/SOC Sctviciag 
ACIIVITT : 6.0 Kate Uabilicals 

DESCRIPTION : Once Cb« OtT is berthed to the sides of the FSF, checkout 

end servicing umbilicals are deployed and connect to the 
OTV. Several umbilicals are required as described ou 
the attached sketches. 

SOPTORT EQUIPMENT : 

Ombilical Systems (4) 

CREW INVOLVEMENT: 


IVA crewman to connect umbilicals remotely. 


SOC PROVISIONS } 

Qnbilicals Systems (4). 

OTV PROVISIONS: 


Umbilical Interfaces. 
ORBITER PROVISIONS: None. 





FUNaiON OTV/SOC Servicing 
lim 6.0 Kate OTV Uidbilicals 

FCTHGD Service Fixture Dmbilical 

ATIAOfefr 

■ 

PAGE 

i 

SlAJECT- Selected Method 



(l) S«rvlc« fixture carrier positions OTV to checkout station. 


(2) Checkout uabilicals are extended from the service fixture and uabilicale 
are inserted to make connection vith OTV. 


ORiGirJAV. 

OF POOR QUAUlTV 





FUNCTION 

OTV/SOC Servicing 


HIM 

6.0 Mate OTV Dnbilicals 


fCTHOD 

Service Fixture Dmbilicals 


SUBJECT 

OTV Bequiresieats 



ATTAOfENT 



ORIGiNAt PAGE \S 
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OTV requires four uabilical coonections. Figure shows connections looking 
do%ra through the OTV into the service fixture. Connections are on the 
far side of the OTV. 

#1 Electrical Connections - 3 Connectors 

- digital control 6 monitoring 
■- hardwired C&H backup 

- power 

#2 LB2 Connections - Quick Disconnect 

- Fill & drain 2 in. line 

- Purge 1 in. line 

#3 LOZ Connections - Quick Disconnect 

- Fill & drain 2 in. line 

— Purge 1 in. line 


#4 GN 2 Fill & Drain 
ACPS Fill & Drain 
ACPS Purge 
He Fill & Drain 


1 in. line 

1 in. line 
1 in. line 
1 in. line 
I in. line 






RJNCTION OTV/SOC Servicing 
ITTEM 6.0 Mete 0T7 Ombilieele 





Four umbilical sets on the service fixture between the PIDA rails and the 
FSF comer. 

The LH 2 umbilical in the storage deck area, the LOX umbilical and the GM 2 
ACPS and umbilicals in the tankage area are fixed in location to mate 
with the OTV at the servicing station. They extend from inside the FSF 
approximately 1 meter to engage the OTV. 

The fluid umbilicals are serviced by flexible hozes. The FSF contains 
distribution/manifolding lines with valving and pumps to the stowage tanka. 


or;cij^a». 
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ATTMHCNT 




Ui 


njNaioK 

ITEM 


METHOD 


SUBJECT 


OTV/SOC SArricins 
6.0 Hat* OTV tebilicala 


Sarvlcc Fixtur* Onbiliula 


SOC BcquixsBiata 


PAGE 
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All SF uabillcalt arc vitb power pull-in after initial alignaent and contact. 
The fluid uabilicala are atationary to sate with the OTV only at the check- 
out atation. 

The electrical unbilicai it on a awing arm located between the PIDA raila 
and the aervice fixture comer. The arv it on a crack, uaing the outer 
flange of the PIDA rail aa ahotra. Normal atowage of the am ia down againat 
the FSF parallel to the tracka. 

The usbilical haa four degreec of freedoa: 

(1) Linear tracking along the FSF. 

(2) Swing rotation about the X-axia to engage the lower aurface 
of the OTV. 

(3) 90® rotation at the baae, about the T-axia to follow the OTV 
in later maneuvcrc. 

(A) 215® rotation at the end of the am to follow the OTV in later 

rotationa. 








SCERARIO: 


OTV/SOC Sarvicing 

7*0 S«f« «nd Inapeet OTV 


ACnVITT ; 

DESCRiynOW : Tbe OTV vat ba aafed and inapacted prior to cha initiation 

of any rapair activiCiea. Toia antaila checkout of systena 
and aaaeaanant of damagea, if anyt aafing tha individual 
ayataaa, and inapecting tte interior and exterior of tha 
OTV. 

SUPPORT EQUIPHEHT ; 

(1) Mon-propulsive purge system. 

(2) Storage system for OTV expendables. 

(3) Manipulators (2) vith CCTV cameras. 

(/,) CCTV Monitors. 

(5) Manned Remote Working Station (open cherry picker). 

(6) Manned Maneuvering Unit (M19I). 

CREW ihvdlvement ; 

(1) IVA crewman to operate FSF controls. 

(2) EVA crewman to man OCP or HKD. 

SOC PROVISIONS ; 

(1) Kon-propulsive purge system. 

(2) fhird storage containers and associated fluid systems. 

(3) Manipulators with CCTV cameras. 

(4) CCTV monitors. 

(5) Storage for OCP and HMD. 

OTV PROVISIOMS : 

(1) Accesaihility design for inspection purposes. 

(2) Automstic system checkout capability. 

ORfilTER PROVISIOHS: Hone. 




FUNCTION 

OTV/SOC Servicing 


ITW 

7.0 Safe and Cbeckout of OTV 


NETMQD 

SOC Control of Services 


SUBJECT 

Selected Hathod 



ATTAOfCNT 


PAGE 



Vith uabilicala connectedt SOC ascuinea direct control of the OTV. OTV 
reaaina at C/0 atation. 

(1) Preliminary verification of connection control and atatua 
feedback functions. 

(2) Shutdown antenna control and data transfer. 

(3) Shutdown OTV power system. 

(6) Extend expulsion jet arm from service fixture. 

(S) Transfer Expendables to SOC storage tanka purge and vent OTV 
tankage systeaia. 

(a) Hain Engines 

Purge main engine using 

Purge LB 2 tank and lines using 

Purge LO 2 tank and lines using He or N 2 

Vent He tank and lines 
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ntcnoK 

OTV/SOC Sarvleing 

iTW 

7«0 Safa and Cbaekout of OTV 

lemoo 

SOC Control of Sarvicaa 

aUBJECT 

Salactad Nathod (Cont'd) 


ATTAMCNT 


(b) ACTS 

Purt* N2 and HKB tanka uaint 
Purga thruatara and linaa uaing 

(c) Slactrlc Powtr Syataa 

VanC H2 and O 2 tanka 
Pant U 2 O tank 

(6) Ratract axpulalon Jat an. 

Ratract fluid uabillcala. 

(7) Parfon functional cbaekout on OTV functiona with pra^pngrai 
taat aoftwara, through alactrical taM>ilieal. 
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Saflng ia pacfoxaad ia aaquanca ot worat fallura eendieisB ainea tha OTV 
is itn—nnad and all eonttola ara raaota in Cba SOC. 

(1) laolata naln angina oparation (perforaad in Functicn 2)> 

(2) laolata ACPS operation (Function 3). 

(3) Bypaaa OTV power ayaten. 

(A) Tranafar axpaadablaa. 

(5) Furga and vent aain angina ayatas. 

(6) Furga and vant ACPS ayataa. 

(7) Vant electrical ayataa. 

All ayataaa are aafad prior to checkout. 





FUNCTION 

OTT/SOC Servicing 

ITEM 

7.0 Safe & Checkout OTT 

METHOD 


SUBJECT 

SOC Requirements 


ATTAOfCNT 


PAGE 



An expulsion system for purge and vent of OTV expendables tanks: 

Figure I t An expulsion arm, extendable from the service fixture to transmit 
overboard gasses away from the SOC to minimize or prevent con- 
tamination. 

Figure 2 : A non-reactive jet to minimize or prevent reaction forces against 

the SOC assembly. Outboard ends of free-flosting Shuttle absorb 
all reaction forces such that Che output orifices meter Che flow 
of gasses to center Che Shuttle at a location resulting in a 
bal lanced reaction. 







FUNCTION 

OTV/SOC Servicing 


ITW 

7.0 Inspect OTT 

. 

FETHX) 

CCTV 


SUBJECT 

Selected Method 



ATTAOfCNr 


PAGE 


OR 16 JNAL FAGS !S 
OF POOR QUALITY 


.-;j:>s^uMirARa 



Inspection and control at SOC control center by closed-circuit telescopic 
T7. 

Inspection progrsn includes limit values to restrict the aanipulator and/or 
camera to the area 1 meter outside the OTV. 

CCTV cbangeout is required to shift from manipulator to -X manipulator. 
Inspection is limited to assessment of external damage/or failures. 
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OTV/SOC S«tTieias 
7.0 Inspect OTV 

SF Msnipulstoc/Muiwd Cherry Flcker 


SUBJECT Alteroece Method #1 


ATTAO»Gfr 




OTV remeine at checkout eCetlon. Blectrieel UBbilicel remei&a connected. 
Inepectioo is perfomed by EVA on a cherry picker. 

Acceae to ell of the foreword (-fX) areas of the OTV is by the service 
fixture aanipulator tracking along its carrier over the length of the OTV. 

Access to Che reverse (•Z) areas is by the service fixture aanipulator on 
Che opposite side cracking along its own carrier. 

Inspection is extended to tactile assessoent of external daaage/or failures. 
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FUNCTION OTV/SOC Scrvielas 
ITEM 7.0 Incpcct OTV 

rCTHS HMD 


SUBJECT Alt«ra«tivc Mtthod t2 


ATTAOMENT 


ORJGIWAL F>;GiI SS 
OF POOR QUALITY 



Saw a* Alternative Hethod #1, except chat the FSF toanipulator ayatea ia 
not required. 

XnapecCion ia further extended to areas Chat oay be inaceeaaible Co the 
cherry picker such as betveen the body and the sain engine cone. 










SCENAILIO; 


OTV/SOC Strvfcing. 


ACnviTT: 


8.0 Test OT7 


DESCMPnOH ; A eoapl«t« ttst oC the OTV will be cooducCad to asMea 
ita atatua and health and for scheduling of corractiva 
and pxaaantiva saintacanca operaticna. 

SOFPORT EQUIPMENT: 


Taat Uabilical. 


CREW INTOLVZMENT: 


ITA craman to conduct OTV testing. 


SOC FROVISIOHS; 


Teat U^ilical. 


OTV PROVISIONS: 


Umbilical Interface. 


ORBITER PROVISIONS: Hone. 





ATTAOfCNT 


FUNCTION OTV/SOC Servicing 
ITEM 8.0 Test OTV 


fC7>OD Test UnAilicel 


SUBJECT Selected Method 


PAGE 



ORIGINAL PAGE IS 
OF POOR QUALITY 



The test vinbilical provides date siOQitoring and operational control signals 
for test of on-board OTV sionitorlng. 

Test and checkout can be pre-prograrmed. and manual selection by SOC test 
operator. 

Tests are performed to identify repair/replacement requirements prior to 
aiaintaining storage. 






SCENARZOt 


OTV/SOC Scrriciog 

9.0 Fcrfora Scheduled Bepalr 


ACnVITT i 

DBSCRlPTIOH t Preschedaled preventive aaintenanc* and repair will be 
perfomed on the OTV. OTV tsuat be deaigned for nodular 
(LRD) rcplaceneac of parts sod coc^ocenta to nlnimize 
the nuaber of extractioo/reinatallation operations. 
Storage of apare LRU nuat' be provided by SQC 

SUPPORT EQUIPMENT ; 

(1) LRU Storage /Retrieval System. 

(2) LRU Extraction/Re installation System. 

(3) Hanipulator. 


SQC PROVISIOSS ; 

(1) LRU Storage /Retrieval System. 

(2) LRD Extraction/Re installation System. 

(3) Manipulator . 

OTV PROVISIOKS: 


(1) Modular Design of Parts and Components. 

(2) Accessibility. 

ORBITER PROVISIONS: None. 



PUNCriCN 

OTV/SOC Servicing 


ITEM 

9.0 Scheduled Repair 

■ 

^ETHQD 

Remote SF Manipulator 


SUBJECT 

Selected Method 



ATTAOtCNT 


II 




Conalsta of acheduled replacement of subsystem modules. 

Module LRU's are periferally mounted in the front of the LH 2 tank at 
the forward end>over an angle accessible while the OTV is mounted on 
the service fixture at the PIDA interfaces. 

(1) The SF manipulator arm with a special purpose end effector is 
remotely controlled to remove and replace scheduled modules. 

(2) Modules are stored and retrieved from the SF storage deck. 










SCEMAJLIO 


OTV/SOC Sarvicing 

ACnviTT ; 10.0 Perform Unscheduled Repair 

DBSCRIPnOM ; Corrective uiaCer nce will be performed on daseged 

surfaces and nalfunctlonlng LRU and/or components that 
were uncovered during inspection and testing activities. 
Modular eoeq>onencs will be replaced remotely in a sicdlar 
■ manner to that of Activity 9.0. EVA will be required to 
repair those surfaces and componsats that are not amenable 
to remote operations. 


SUPPORT EQUIPMENT; 

<l) 

Space Ports. 


(2) 

Open Cherry Picker & MMU. 

(3) 

Manipulator. 


SOC PROVISIONS: 

(1) 

Storage for spare 

parts, OCF and MMU. 

(2) 

Hauipulatnr. 


OTV PROVISIONS; 

(1) 

Modular Design of 

parts and components 

(2) 

Accessibility, 


ORBITER PROVISIONS: 

None . 






SUBJECT 


OTV/SOC Servicing 
10«Q Unscheduled Repair 

SF HsnipulaCor/Maaned Chernr Ficker 


Selected Method 


ATTAOfCKT 


ORiGiNAL P,;Ci' '.S 
OF POOR QJAUTY 


Replaceuent of eesemblles or components not in the turnaround schedule 
scenario because of malfunction or damage. 

Repair of components because of damage. 

RFA performs repair or replacement using the cherry picker as an operating 
station. 






FUNCTION 

OTV/SOC Servicing 


ITEM 

10.0 Dhscbeduled Repair 


FETKX) 

MC and/or Tethered EVA 


SUBJECT 

Alternative Method 



/UTAOtCNr 


PAGE 


EVA perfoxiu repair or replaceaent using OTV handholds for stability. 

Tethered EVA, although more difficult to provide transport to a repair site, 
is assumed to have greater accessibility to remote and confined areas. 






SCEHARIO 


OTV/SOC Servicing 
11.0 Itoiiitnin OTV 


ACnVITt ; 

DESCRIPTIOW ; If the OTV i« to await its next aiaaion after being 

aerviced, it oust be aaintained in a state of readineaa. 
Syatema that will naintain tbe OTV will be activated and 
its health status will be oonitored periodically. 
Response to any and all ccntingencies will also be part 
of this activity. 

SUPPORT EQPIPMEHT ; Electrical Ombilical. 

SOC PROVISIONS ; Electrical Onbilical. 

OTV PROVISIONS ; Interface for Electrical lUbilical. 

ORBITKR PROVISIOHS; Hone. 




ATrADfENT 


FUNCTION 

ITCM 


fETHQD 


SUBJECT 


I 

OTV/SOC Servicing 

11.0 K»int«ia OTV & Koaitcr 


I PAGE 

Selected Hethod 



(1) OTV remeios at checkout station with electric umbilical connected. 

(2) SOC control station svitebes to maintenance software for continuous 
monitoring of temperaturec. pressures, etc., and periodic control test 
functions. 

(3) Manual override permits test and checkout functions to be reinstated 
for contingency. 

(4) For long term maintenance during which a second OTV is to be serviced, 
the manipulator may relocate OTV to an alternate station on the 
opposite side of the FSF where a single maintenance electrical 
u^ilical is provided. Alternate umbilical need not be a swing arm. 









SCENARIO: 


OTV/SOC S«rvicinB 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ACTIVITY ; 12.0 Cbaekout OTV 

13.0 Resupply ConBuaaj*ble« 


DESCRIPTION ; Once • payload ia aade ready for a aiaaioa aod it la to be 
aatad to the OTV, the OTV will b« fully chackad-out and rc- 
auppliad with coaauaBtblas. The activity requirea the 
activation of an autoiutic checkout aequanca and refueling 
through Che umbilical. Sufficient non-cryogenic conausm- 
ables will be stored on the SOC to refuel the OTV. Cryo- 
genic conatnaables will be supplied from tankage on board 
Che orbiter payload bay. 


SUPPORT EQPIPMENT ; 

(1) ACE 

(2) Umbilical System 

(3) Cooauimaablea 

SOC PROVISIONS ; 

(1) ACE 

(2) Umbilical System 

(3) ConauBuables and Storage Containers. 


OTV PROVISIONS; Compatibility with ACE and Umbilical Systes.. 
ORBITER PROVISIONS: None. 





FUNCTION 

OTV/SOC Serviciag 

ITEM 

12.0 Checkout OTV ft 13.0 Resupply 

^CT>CO 

Coasuamables 

SUBJECT 

Selected Hethod 


ATTAOtCKT 


PAGE 



^LOX 
&N2. He 


OTV renalas «c checkout station with electric umbilical connected for power, 
control and data. 

Test and checkout all operating functions including shutoff and isolation 
valve operations. 

Engage and connect all three fluid tunbilicala. 

Using the manifold, valves, and pumping system of the PSP: 

Refill OTV tanka with R^, KKB & Ch'2 
Refill OTV tanka with LOX 
Refill OTV tanks with LB2 

Retract fluid umbilicals. 
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SCESARIO: 


OTV/SOC Servicing 
Mate OTT and Payload 


ACnVITTt 

WSCRIPTIOH : The sating operation of the OTV to its payload is dependent 

on the type of payload. In this case, a OOMMSAI is the 
payload lAich requires the repositioning of the OTV to 
provide clearance for all the- COMMSAT appendages and the 
grappling and separation of the OOMMSAT froa its interface 
at Che end of SH-2 and translating it to an eventual sating 
with the OTV. 


SUPPORT EQDIPKENT ; 

(1) Retractable PIDA Bead on Translation Bail. 

(2) Rotatable FIDA Head on Translation Rail. 

(3) Uaibilical Compatible With Repositioned OTV. 

(4 ) Manipulator . 

SOC PROVISIOMS i 

(1) Retractable PIDA Heed on Translation Rail. 

(2) Rotatable PIDA Bead on Translation Rail. 

(3) Umbilical Compatible With Repositioned OTV. 

(4) Manipulator. 


OTV PROVISIOWSt Adapter to accept payload. 


ORBITER PROVISIONS: None. 


I 

I 




FUNCnCM 

OTV/SOC Servicing 


ITEM 

FrmoD 

14.0 Hate OTV & Payload 

• 


SLBJECT Selected Method 


ATTAOfCNr 


PAGE 


i 


II 


I 


i 


hiliuillii 


(A) OTV is at checkout station with electrical umbilical coanected< 

(B) OTV translated to -Z end of service fixture. 

(C) Rear PIDA head is unlatched and retracted. Front PIDA head is 
rotated 90° to position OTV crossways on service fixture. 

(D) Front PIDA head translates OTV to -Z end of service fixture. 


ORiGtr*’! r‘~ ' 

OF POOR -> 
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FUNCTICN 

OTV/SOC Servicing 

ITEM 

14.0 Mate OTV 4 Payload 

MET>CD 


SUBJECT 

Selected Method (Ccnt*d) 


cmi Accfbs 

AREAb 




+ + 


-Ld 


ATTADfENr 



tmiNCs • 
iKTURFAlE 
aAKES 


With froQt PIDA bead at no note than 1.4o from — Z end of acrrice fixture* 
OTV nay be rotated further to 135° or 180° with the plane of the OTV- 
payload docking interface clearing the outline of the aervice fixture. 

Oabilicals and aervice access areas of the OTV are indicated. 

OTV is rotated to an angle compatible with the payload to be docked. 


ORfGiVi';!.' D/"-rcr 

OF POOR QoS,'? 
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RMCriCN 

OTV/SOC Serwieing 

ITEM 

U.O Mace OTV k Payload 

icmoD 


SUBJECT 

Selected Concept '(Coat'd) 


ATTAOtCKT 


PAGE 


When OTV is in position the service fixture oanipulstor system picks up 
the paylosd from the SOC end transports it to the OTV location making a 
connection with Che OTV docking port. 

The OTV continues to be under direct umbilical control from the SOC control 
station for interface verification and payload checkout. 


OF POOK QUALITY 






ATTAMCNr 


RfCnCN OTV/SOC Servicing 

ITEM 14.0 Mate OTV & Payload 

ICTHGD 


SUBJECT SOC Support Ope ratiooi 


r 


nm TRACK. 1I.1M 
. — UWUtHTWtt— 

/-UrWKALTIOUn I 
A-pwwo> 

a:.-OCSi »t rr iT-ir 1 C ; i r r 


PAGE 


or POOR Q'JwLuV 


CONTROL UnuuCM. MKTEB WITN 
^ OTN ATTIST ATWlON 


j- . 5 K - - ■ > a. OTV translkteoio ourn 



(1) Swing Arm Dmljilical (5.0. 

(2) Umbilical Track Next to PIDA Rails (5.0) 

Once connected to Che OTV, Che electric umbilical swing arm can be free 
to follow the OTV passively along the service fixture. 

In BAD above, the swing arm follows the OTV in translation. 

In C&E above, the rotational motion of the OTV forces the swing arm along 
its track. 

Mominal Cracking forces smy be programmed into Che awing arm carrier to 
assist in tracking. 

The SOC interface for control and monitoring is maintained at Che OTV from 
Safe and Checkout (6.0) through Reposition and Mating (13.0) without dis- 
connect. 
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COMM SAT-ORBITER SERVICING 



DEPLOY 
COMM SAT 
FROM 
P/L BAY 


CHECKOUT 
COMM SAT 


I 

■ 


MANEUVER 
COMM SAT 




BERTH TO mate 

HOLDING C/O 

FIXTURE UMBILICAL 



SAFE 

COMM SAT 


DEMATE 

UMBILICAL 


RELEASE 
COMM SAT 


RETRIEVE 


MATE OTV & 

COMM SAT 


■ 

COMM SAT 


CHECKOUT 

INTEGRATED 

SYSTEM 


DEMATE OTV 
UMBILICAL 


20.0 


SEPARATE 
INTEGRATED 
SYST. FROM 
ORBITER 



DEPLOY OTV 
FROM P/L 
BAY 


MANEUVER 

OTV 


BERTH OTV 
TO HOLDING 
FIXTURE 


MATE 

OTV 

UMBILICAL 


CHECK OUT 
OTV 


Sfwo* 0)M(*'eoM/lni*sf«iioM A 
SyttHM OMtion 



Rockwell 

International 


91SSD218S4 
























SCEHARIO 


COHHSAT - Orbiter Servicing > 


ACTIVITT ; Initial Delivery 

DESCRIPTION : The OOHKSAT ie delivered into orbit with the necesaary ASE 

a« indicated on the next page. Subsequently, COMMSAT is 
deployed and checked out, the OTV is launched, deployed 
and checked out and finally OTV and COMMSAT are stated, 
checked out and separated from the orbiter. The sequence 
of these operational events are described on the following 
pages. 


SUPPORT EQUIPMENT ; 

( 1 ) 

( 2 ) 

( 3 ) 

W) 

COMMSAT PROVISIONS ; 

( 1 ) 

( 2 ) 

( 3 ) 

U) 

( 5 ) 

( 6 ) 

( 7 ) 

( 8 ) 
( 9 ) 

( 10 ) 

ORBITER PROVISIONS ; 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 

( 7 ) 

( 8 ) 


Control and Monitor Station 

FIDA 

HPA 

Umbilical System 


PIDA Head 
Grapple Fixture 
BPA Interface 

COMHSAT/Orbiter System Checkout Interface 
Appendages Uith Remote Release Deploy & Latch System 
Manual Override Provisions for all Mechanissts 
Safing System 

COHMSAT/OTV Structural & Functional Interfaces 
Accessible Component Design 

Communication & Data Links With Orbiter Ground OCC 


PIDA 

HPA 

Retractable Umbilical System 
OTV Compatible With COMMSAT 
Open Cherry Picker & MMU 
COMMSAT Control & Monitor Station 

Conmiunication & Data Links With COMMSAT & Its Ground OCC 
System -Continuity Orbiter/OTV/COMSAT 



function COMfSAT/OrbiCer Servicing 

ITEM Delivery i Inicial Check 

FETHQD FroB Orbiter 

SUBJECT OperaCicn Identification 


! AUA»ENr 


PACE 





UHBILICAL 





^COMSAT 


SCENARIO I Deliver aatellite (C0MKSA7) to LEO, deploy appendages and 

place in orbit. Revisit delivering OTV, asscoble and activate 
for transfer to GEO. 

o Open Pay lead Doors 
o Deploy RHS & Check Functions 
o Deploy HFA & Check Functit^.s 


OKiCil. *■ 

OF POOR 
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FUNCTION COHMSAT/Orbicer Setvlciag 

IT01 b«0 Deploy COHHSAT Appendeges 

f>tTH3D Froa Orbiter 


SUBJECT Hetbod Descriptloa 


ATTACJt€Nr 



Deploy eppendages ia aequeoce shown. 

(1) Solar arrays and radiators deployed. 

(2) Antenna boons and horn aast extended. 

(3) Antennas and horn assenbly deployed. 


ORIG?rv. rv' . 
OF POC.-? QcALiiV 







RJNCTIOH 

ITEM 

COl£iSAT /Orb iter Servicing 
7.0 thru 10.0 Checkout & 

rCTHQD 

Kfi lease COIiHSAX 
Fron Orbiccr 

SUBJECT 

Method Description 


ATTAOfEKT 


PAGE 






‘.'Mj 


U) 

Complete checkout of COMMSAT systems. 


(2) 

Ssfe COKKSAT via RT. 


(3) 

PMS disconnects and stows umbilical. 


(4) 

RMS removes COMMSAT from HPA. 


(5) 

COMMSAT released to orbit. 


(6) 

Orbiter returns to earth. 



ORivi’-* • • 



OF POC.'v - • 







t 

* 


function CO»lSAT/Orbittr Servicing 

item II >0 thru 13.0 Deploy 6 Mete OTV 

NETHQD Froa Orbiter 


subject Method Description 


ATTAdfENT 


PAGE 




Orbiter returns to COMHSAT's orbit. 


(1) 

Open psyload bay doors. 


(2) 

Deploy RMS and check functions. 


(3) 

Deploy HPA and check functions. 


(4) 

RMS locks on to OTV in bay. 


(5) 

OTV removed and translated to HPA. 

1 

(6) 

RMS berths OTV to HPA. 

• 





6..,; j;'y’ 
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SERVICING AaiVlTY MTA 


RJNCTION 

ITEM 

O»fllSAT/0Tbiter Servicing 

20.0 Separate 6 21.0 Launch Sat. Aasy. 

ATTAOfCffT 



METHOD 

From Orbiter 

PAGE 

StJBJECT 

Method Description 




(1) RMS Tcnoves 01 V frooi HFA snd replaces satellite assembly in orb£t« 

(2) OTV activated launching satellite to GEO. • 
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COMM SAT-SOC SERVICING 


1.0 

, , 

I SHLfTTLE I DOCK 

• UUNCH OF ORBITER 

I COMM SAT I I TO SOC 

I 1 


7.0 


DEPLOY 
COMM SAT 
FROM PA 
BAY 

8.0 


3^0 

MANEUVER 
COMM SAT 
TO SOC 


9.0 


4.0 


BERTH 
COMM SAT 
TO SOC 



6.0 

preliminary! 

CHECKOUT 

OF 

COMM SAT 


10.0 


11.0 



r-1 


I 



t 

L. 


SHUTTLE 

LAUNCH 

OFOTV 


•T 

I 


12.0 


13.0 


14.0 


15.0 


I 

I ' I 

I 1 


DOCK 


DEPLOY OTV 


maneuver 


BERTH OTV 

ORBITER 


FROM ?A 

— ► 

OTV TO 


TO SOC 

TO SOC 


BAY 


SOC 


FSF 


16.0 
MATEOTV 

umbilical 


’vS 

§ p 

o *0 
c 

3ss 



•p*oa OpMMhMit/MKnXon t 
SMiHia SjrMm* DtatehM 
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SCEHAKO ? O»«SAT/S0C Scrvieinc 

ACnviTT; InicUl Delimry 


DESCRIPTION t Servicing Cbe COMKSAT on the SOC involves the delivery* 
deploynent end checkout of the COKHSAT sod its orbit 
transfer vehicle (OTV), final sating of the two conponents 
and eventual launch to the to the COMMSAT operational orbit 
(CEO). For this particular scenario, initial launch of 
the OTT is assuoed. Consequently, the OTV servicing 
portion involves checkout and fuel loading operations 
only. 


SUPPORT EQUIPMENT ; 

Sufficient ASE is required to acconaiodate the scenario as 
listed below. 


SOC PROVISIONS; 


( 1 ) 

( 2 ) 

(3) 

( 4 ) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

COMKSAT PROVISIONS; 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 
(7) 

(a) 

(9) 

( 10 ) 

orbite:: provisions; 


Manipulator With Standard End Effector. 

CCTV Caaera on Manipulator. 

Active Berthing Fort With Alignment Monitoring System. 
Retractible Umbilical System. 

OTV Compatible With COMMSAT. 

System Continuity SOC/OTV/COKMSAT. 

Open Cherry Picker & MMD. 

COMKSAT Control & Monitor Station. 

Coomunication & Data Link With COMKSAT & Its OCC. 


PIDA Head 
Grapple Fixture. 

Berthing Port With Alignment Target. 

COMKSAT/SOC System C/O Interface. 

Appendages With Remote Release, Deploy, & Latch System. 
Safing System. 

COMMSAT/OTV Structural & Functional Interfaces. 
Accessible Component Design. 

Communication & Data Links With SOC & Ground OCC. 

Manual Override Provisions for all Mechanisms. 


PIDA 



RICTIGN COItOAt/SOC Servicing ATTACHCNr 

tTBI A**«ibly & Scnricifig ' ' ' ' 

fr£7>{QD At Space Opecatloae Center 



SOC is the hard hack Co which the COHMSAT is held for checkout, appendage 
deployoeac and LEO acation awaiting OTV delivery. 

The OTV is delivered and berthed co the SOC service fixture, which is used 
as an assenbly station for the two coisponents. 

Transfer of vehicles and mating operation is accomplished with the aid of 
the service fixture manipulator. 


OT POOR 





SERVICING ACnVITY DATA 


nfCTIQN OOMtSAT/SOC S«nrie£n« ATTADfENT 

ITEM Deliwry « XnitUl Check . ‘ — T 

METHOD froa Orb iter PAGE 


SUBJECT Method Oeseription 



(1) Open Fayload Bay Doors. 

(2) Deploy RMS and checkout functions. 

(3) Extend docking module and checkout systems. 

(4) Activate PIDA devices revolving COMMSAT out of payload bay. 


ORIGINAL PAGi 53 
OF POOR QUALITY 



RfCriCM 

OatKSkT/SOC Sarviclng 

ITBi 

1.0 Dock to SOC 

rCVHCD 

By Orbiter 

SUBJECT 

Hethod Description 


TACHtKT 


PAGE 




(1) Orbitcr aligns with SOC and perfonaa pre-dockicg activity. 

(2) Orbiter docks to SOC's end docking port. 

(3) Latches secured and interface systems checkout. 










SUBJECT 


mmm 


COMKS&T/SOC Servicing 

2*0 :hru S.O Henuevcr & Kate to SOC 

Froa Orbiter to SOC 


Kethod Description 


ATTAOfCKT 




(1) RKS Activated locks on to COMKSAT. 

(2) FID^ devices release C0IC«SAT. 

(3) RMS translate CCMHSAT towards service fixture. 

(4) RKS stabilizes COHMSAX while service fixture aacipulator is activated 
and locks onto same . 

(5) RKS releases COHMSAX and returns to orbiter. 

(6) Manipulator transfers COMKSAT to end docking port. 

(7) Manipulator performs berthing operation. 

(8) Systems mated through docking port interface. 
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FUNCTION 

OOMfSAT/SOC Sarvicini 


6.0 C/0 & 7.0 Deploy Appendagea 

fCTHOO 

By SOC Control 

SlBJEa 

Method Deecription 


ATTAOfCKT 


(1) Pr«HainAry checkout of COKMSAT lyeCtBi by SOC. 

(2) Solor orrAyt «nd rediatorc deployed. 

(3) Antcnne bocats and horn naac extended. 

(4) Antennae and horn ataetubly deployed. 
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FUNCriGN 

ITEM 

OOMMSAT/SOC Servicing 

13 >0 thru 17 >0 Berth 6 Checkout OTV 

FCTHOO 

From Orbiter to SOC 

SUBJECT 

Method Description 


ATTAQWEMT 


PAGE 



(1) RHS locks oaCo the OTV removing it fron bey. 

(2) RMS translates OTV towards service fixture. 

(3) OTV is berthed to track mounted PIDA device. Assistance (or takeover) 
may be required from the service fixture manipulator for this 
operation. 

(4) RMS returns to orbiter. 

(5) OTV umbilical mated to service fixture interface (EVA operation). 

(6) OTV systems checked out by SOC control. 


ORIGINAL PAr" 'S 
OF POOR Q •' 
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FUNCTION 

ITEM 

C0MCAT/50C Servicing 
Il.O A 18.0 Manuaver 

& Mace COMMSAT 

»€TH0D 

By SOC 

k OTV 


5LBJECT 


MBthod Description 


ATTACWBir 


PAGE 






S5i<SS 


(1) Rotate OTV 9C*^ to sei'rice fixture (PIDA device rotates)* 

(2) Activate naaipulator and lock on to C0MHSA7. 

(3) COMMSAT released and maneuvered cowards OTV. 

(4) Manipulator berths CCMMSAT to SOC. 


ORir^'f'AL :j 
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RJNCriCN 

ITEM 


METHOD 


COMfSAT/SOC Servicing 

t9 through 23 C/0 & Launch C0HKSA7/ 

By see ^ Aaaembly 


ATTAOf€NT 


subject Method Description 






(1) Re-activate COMhSAT systems. 

(2) Checkout integrated systems. 

(3) Supply OTV with consummables (EVA operation). 

(4) Demate OTV umbilical (EVA operation). 

(5) Manipulator locks on assembly. 

(6) Release FIOA device latches. 

(7) Manipulator sianeuvers assembly clear and releases same. 

(8) OTV activated via RF, launching COMMSAT to GEO. 
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SPACE PROCESSING FACILITY -ORBITER SERVICING 


I ^ 

I SHUniE 1 
LAUNCH — 
I TO ORBIT • 

I J 


DEPLOY 

SPF 


maneuver 

SPF 


BERTH TO 
HOLDING 
FIXTURE 


MATE 

C/O 

UMBILICAL 


CHECK OUT 
SPF 


DEMATE 

C/O 

UMBILICAL 



SEPARATE 
SPF FROM 
ORBITER 


SPF 

MISSIONS 

lOPERATIONSl 

1 .--I 



CHECK OUT 
SPF 


REPAIR 

SPF 


MAINTAIN 

SPF 


DEPLOY OLD 
CANISTER OF 
FINISHED 
MATERIAL 


STOW OLD 
CANISTERS 


^ECONFIGUR 
SPF WITH 
NEW 

CANISTERS 


CHECKOUT 

SPF 


RESUPPLY 

CONSUM- 

ABLES 


DEMATE 

UMBILICAL 


DEPLOY 

SPF 


maneuver 

SPF 


SEPARATE 
SPF FROM 
ORBITER 


8pac« • 

S«(cllK« O«vi*lon 



Rockwell 

intemaUonai 
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SCENARIO; 


SPF/Orbiter Servicing 


ACTIVITY ; Initiel Delivery 

DESCRIPTIOH ; The sceoerio includes Che initial launch, deployment, 
checkout and release of the SFF into its parking orbit 
and the Shuttle revisit to exchange processing experiment 
cannisters. For Che initial launch, fueling provisions 
are not required. Refueling during revisits will be 
accomplished by exchanging Che entire ACS package. 

SUPPORT EQUIFHEHT ; As listed below. 

SPF PROVISIONS ; 

• 

(1) Grapple Fixture 

(2) FIDA Head Fittings 

(3) SPF/Orbiter System Interface 

(4) Hodule Latching & Release Mechanism 

(5) Experiment Cannister Latching & Release Mechanism 

(6) Replaceable Module & Cannister Design 

(7) Communication & Data Link With Orbiter & Ground OCC 

ORBITER PROVISIONS ; 

( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

(b) 

(7) 

( 8 ) 


Scuff Plates 
HPA 

SPF/Orbiter Umbilical 
Spee 

Module & Cannister Storage & Retrieval System 
MMU 

Communication & Data Link With SPF & Its Ground OCC 
SPF Control & Monitor Station 


I 



FUNCTION SPF/Orbiter Servicing 


ITIM 


METH3D 


Delivery & Initial Check 

Space Froceaaing Facility Freo Orhiter 


ATTAOtCKT 


SUBJECT Operation Identification 



SCENARIO ; Deliver satellite (SPF) to orbit. 

Revisit & perfom service functions. 

o Open payload bay doors, 
o Deploy RMS & check functions, 
o Deploy HPA & check functions. 


POOR 
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SPF/Orblc*r Servicing 

10.0 through 16.0 Berth 6 C/0 Operatione. 

Space Proceaeing Facility Fron Orbiter 


ATTAWCNT 


SIOJECT Method Deacription 


ORIGINAL PAGE IS 
OF POOR QUALITY 



RMS bertha SP? to HPA, 

RMS locks on to unbilical. 

RMS connects umbilical to SPF. 

All aystema verified safe. 

Visual check of SPF with RMS CCTV assist. 
Systems check via u^ilical. 

Repair and maintain SFF via EVA. 
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SPF/Orbitsr 5«rvieiaf 

17.0 thru 19.0 Cannistar Chang«ouC 

Spac* Froc««ains Facility Fm Orbicar 


ATTAOfCNr 


Hathod Daacriptioa 



(1) BMS locka onto used SPF canniaCar. 

(2) RHS tranalatea caoniaCer to ocbicer bay. 

(3) Canniatar inaertad into atoraga unit. 

(4) RMS rasovea nav natariala canniatar. 

(5) Canniatar inaartad into enpty SFF orific. 

(6) RMS locka onto next uaed canniatar and above procedure repeated 
until all canniatera have bean exchanged. 






SFF/Orbic«r S«rviciag 

17 >0 thru 20.0 Module Cbengcout 

Space Proceaeing Facility Froa Orbitar 


ATTACHCNT 


Alternate Method Deactiption 



(1) RMS locka onto stateriela aodule. 

(2) Locking latchea relenacd. 

(3) RMS tranalatea material module to bay. 

(A) Deed module depoaited into aupport cradle. 

(5) RMS releaaed and tranalatea' to nev module. 

(6) RMS locka onto new module. 

(7) New module tranalate to SPF. 

(8) Module locked in place. 

(9) RMS returns to rest position. 

(10) All SPF systems checkedout. 

(MOTE: Identical procedure used for exchange of controls module.) 









FUNCTION 

iroi 


NnHX) 


SUBJECT 


SPP/OrblCttr 3«rvieint 
21.0 Maupply Coatuaaabtat 
Sp«c« Procaaainp Facility Fro* 


Nathod Oaacription 


Orbttar 


ATT/WCNT 
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COKSUMASLES 
STORAGE CRADLE 



(1) RKS unacrcwa and locka onto ACS package. 

(2) RKS dapoaita package into atoraga cabinet. 

(3) RHS plcka up replaceaent ACS package. 

(4) ACS package aligned and acrewed In place. 

(5) Procedure repeated for aecond ACS. 



SERWCING MTIVITY DATA 


FUNCTION SPF/Orbiter Servicing 

ITEM 22.0 thru 24.0 Demate 6 Release 

Space Processing Facility From Orbiter 

ATTACHiEKT 


PAGE 


SUBJECT Method Description 


ORIGINAL PAGE IS 



(1) SKS disconnecCa and stows usbilicsl. 

(2) RMS locks onto SPF. 

(3) RKS removes SPF from BPA. 

(4) Satellite released. 

(5) SPF system activated by RF. 

(6) Orbiter leaves. 
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SPACE PROCESSING FACILITY -SOC SERVICING 


I 

! SHUTTLE 


LAUNCH TO 
ORBIT 


I 


I ORBITER I 
< SERVICING [ 
! SEQUENCE 


r* 

1 


SPF 


I 


, MISSION ' 
I OPERATION j 
Lpw 


I 

J 



r 

f 

I 

I 

I 


7.0 8.0 9.0 10.0 11.0 12.0 



«(MM OpmHam/MignKtoii ft 
SaWttto IptMM 


Rockwell 

Wj^ Intemettonal 
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SCEHARIO: SPF/SOC S*rviciag 

ACTIVITT: Initial Delivexy 

PESCRIpnoS : In contrast to SPF servicing by the orbitcr, this 

scenario does not include the initial launch because 
there is no SOC involvement in that phase of the opei^r 
tion. Only servicing during revisits to the SOC arc 
included as described on the following pages. 


SUPPORT EQUIPME NT: 
SOC PROVISIONS { 

<l) 

( 2 ) 

( 3 ) 

( 4 ) 

(5) 
< 6 ) 

(7) 

( 8 ) 

SPF PROVISIONS ; 

( 1 ) 

( 2 ) 

(3) 

C4) 

(5) 

( 6 ) 
(7) 


As listed below. 


SPF Control & Honitor Station 

Coantnication & Data Links With SPF & Its Ground OCC 
Hobile Manipulator With Stsndsrd End Effector 
Spec 

CCTV Camera on Hobile Manipulator 
Open Cherry Picker & MKU 

Retractable Umbilicals With Refueling Provisions 
Module & Cannister Storage & Retrieval System 


Grapple Fixture 

PIDA Head Fittings 

SPF/SOC System Interface 

Module Latching & Release Mechanism 

Experiment Cannister Latching & Release Mechanism 

Replaceable Module & Cannitter Design 

Comnunicatioo & Data Link With SOC & Ground OCC 


ORBITER PRPVlSIOMS t 

(1) Scuff Plates 

(2) HPA 

(3) Module & Cannister Storage 





PUNCriCM 

SPF/SOC Servicing 

ITEM 

Turnaround Servicing 

METHOD 

Space Procetaing Facility At SOC 

SUBJECT 

Scenario 


ATTAOfEMT 


PAGE 


DOCKING 


SERVICE 

FIXTURE' 


2 END. DOCKING PORTS 


2 MANIPULATORS 


SOC !■ the Space Bata at which turnaround servicing can ba parfonaad. 

Tha SPP it a frae-flyer which it capable of "flying" in dost enough to 
tha SOC for capture by nanipulator. 

Individual nodule or cannitter changeout operation acconplished by manipu- 
lator with EVA attist at required. 


ORIGINAL PAGE IS 
OF POOR QUALITY 










FUCTION 

SPF/SOC Servicing 

ITEM 

1.0 thru 3.0 Safe 6 Capture 

rcnco 

Space Processing Facility By SOC 


SUBJECT Method Description 


ORIGINAL PAGE IS 
OF POOR QUALITY 




ATTAOf®fT 


PAGE 


REVISIT 




CAPTURE 


(1) SPF returns to SOC - sdjacent to and within the reach envelope of 
the service structure. 

(2) Solar arrays retracted via SOC RF. 

(3) All SPF ayatems safed via SOC RF. 

(4) Service structure nanipulator activated. 

(5) Manipulator captures SPF. 

(6) SPF transported Cowards service structure. 






FlKCriON 

ITCM 

SPF/SOC Servicing 

4.0 thru 10.0 Berth & Checkout 

METKJD 

Space Processing Facility By SOC 

SUBJECT 

Method Description 


ATTAOfCNT 


PAGE 



(1) Manipulator berths S?F on PIDA device. 

(2) Umbilical connected to interface via EVA. 

(3) All SPF systems verified safe. 

(4) Visual cbeca of SPF by manipulator CCTV and/or EVA crewman. 

(5) Systems checked thru umbilical. 

(6) Repair and maintain SPF via EVA operations. 


ORIGINAL PAGE !S 
OF POOR QUALITY 
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FUNCTION 

SPF/SOC Servicing 

ITEM 

11.0 thru 15.0 Changeout Items 

^CTHCX} 

Space Processing Facility By SOC 

SUBJECT 

Method Description 


ATTACHhCMT 


PAGE 


•iz: 


mmm 


m\ 


(1) Manipulator transfers storage unit from its stowed location (i.e., spare 
docking port or resupplj by orbiter) and berths same to service fixtures 
end docking port. 

(2) Manipulator locks onto used cannister and transfers same to storage 
unit. 

(3) A new cannister is removed from the storage unit and placed } ito the 
empty SPF orific. 

(4) Manipulator removes second used cannister, repeating procedure until 
all cannisters have been exchanged. 

(5) SPF systems checkout. 

(6) Manipulator exchanges consummables with EVA assist. 


ORIGINA'- PAG3 IS 
OF POOR QUALITY 


B-103 










SPF/SOC S*rriclng 

16.0 thru Ift.O Dtuate 6 

Space Proceaaing Facility By SOC 


ATTKHCNT 


Method Deseription 


mi 




* 






(1) EVA crewman discoonecta umbilical. 

(2> Manipulator lochs onto SFF. 

(3) PIDA device releases SPF. 

(4) Manipulator maneuvers SPF away from SOC and releases same. 

(5) SOC control activates all SPF systems and deploys solar arrays. 

(6) All systems go - ACS firef taking SPF to its mission rendetvous. 


OR;g,’;',‘AL FACt 1$ 
OF POOR QiJAL.'TY 
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APPENDIX C 

DETAILED TINE 4 NVNPOUBR ESTIMATES 


i ^ 



iiprwiMit c. 

mAlLKT Ttm AVt NANPOVDt UrDUTIS 


Ttit* •n'*ii41k ooBtain* li»tln 4 t d*tail*4 ••tlaatca of tiao» 

ero* r*qutr*MBt«« aad MR-hour* roquirod for o«oh Uak «ad aeoMrio 
oonaldorod in Socttoa 4 . 4 . 

aaitorlal !• coaoralljr armntod ia "packacoo* of lofonaatioa daalum: 
with oa* acaaarto at a tlaa. That la, tha ttaa and aaapowar aatlaataa for 
•round aanrlotnc of tha OTV ara praaantad in tha flrat paoAaaai tha aatlaataa 
for OTT aarrlolRA at tha SOC ara aatt praaantad, aad ao oa, throuah tha 
ooaaunloatlona aatallita aad apac<a prooaaalna faollltjr acanarloa. Tha lava! 
of datall of analyala la dlffaraot for aoaa acanarloa than for othara, aa a 
eonaat}uanoa of apaolflo conoama for potantlal lapaot on oparatlooa ooata of 
tha dlffarant tjrpaa of oparatlona, Koaavar, aaoh forvat sanarall^r luoludaa at 
laaat tha folloainfi 

1* A tahla 4lvlD4 alapaad tlaa, ora« alaa, Bao^houra, and ratloeala for 
aaoh funotloa, 

«« A tlaallna chart* 

In ao«a oaaaa, thara la Inoludad a datallad braakdoaa of tlaa, craa alaa, 
■an>houra, ato>, for afaolflo, liaitad portiona of tha actlvltjr* thaaa aajr ha 
prallmlnaT^ aatlaataa ahlch do not oorraapond aaaotljr to Itaaa 1 or « ahova. 

In addition to tha abova. thara la a tahla of (anaral nuidallnaa for 
t^rploal tlaa alaaanta uaad in tha varloua aatlaataa* 
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fABLt C>1. TIMB BATIOIALE > OTV aBOUH> SmiClIO 


TASK 

NO. 

TASK OESCRIPTION 

ELAPSED 

TIME 

(HR) 

CREW 

QTY 

MAN- 

HR 

RATIONALE 

1.0 

ACTUM OTV TO ONBITEA (NONITOA FIT) 

li.O 

k 

16 

CROSS-TRAINEO CREW, INCL. RMS WARMUP 

2.0 

SAFE OJV (DEACTIVATE MAIN ENCINC) » 
PAOXIHITV NANEUVEK 

0.5 

k 

2 

INCL. RMS CHECKOUT 

3.0 

RETKIEVE OTV (AMS GRAPPLE t DEACTI- 
VATE AHITUDE CONTROL PROPULSION 
SYSTEM) 

0.5 

k 

2 

BASED ON SIMULATION RESULTS 

<b.0 

BERTH OTV TO HOLDING FIXTURE 

0.5 

k 

2 

EN6R. ESTIMATE: ASSUMES LIGHT SIDE 
ACTIVITY 

s.o 

SAFE OTV A INSPECT FOR LEAKS 

2.0 

k 

8 

ENGR. ESTIMATE 

&.0 

STOW OTV IN PAYLOAD BAY 

0.5 

k 

2 

UL. BY SIMILARITY TO SPAR SIMULATIflII 
RESULTS 

7.0 

RETUM TO EARTH 

6.0 

k 

26 

5-HR BARBECUE; l-HR ENTRY (MIN) 

8.0 

SERVICE ON GROUND 

- 

m 

- 

(OVERALL TITLE ONLY) 

9.0 

to.o 

SAFE ORBITER | 

TRANSPORT TO OPF j 

2.0 

* 

- 

6AS6_OJ^iiT^ 20jf)MEllNE FOR ORBITER 

(1.0 

12.0 

UNSTOU OTV k 

TRANSPORT OTV TO OTV P.F. / 

20.0 

3 

60 

ESI. FROM SIMILARITY TO ORRfTER ^ 
SCHEDULE FOR tURNAROU«$~(STAR 20) > 



0084S 


TABLE C-1. TIKE RATIOEALE • OTT OfiOUIB SEETICXEG (COST.) 




ELAPSED 




TASK 


TIME 

CREW 

MAN’ 


NO. 

TASK DESCAIPTION 

(HR) 

qTY 

NR 

RATIONALE 

13.0 

INSPECT OTV 1 

6.0 


26 

COMPATIBLE iflTH ORBITER iliRNAROUNO 

lA.O 

MATE CHECKOUT 6SI ( 

o 

schedule: (star 20) 3 

15.0 

TEST OTy 

6.0 

6 

26 

ENGR. ESTIMATE . 

16.0 

PERFORM SCHEDULED REPAIR 

26.0 

3 

72 

) 60 HR ELAPSED TIME (PARALLEL OPERA- 
/ TIONS): SIMILARITY 10 ORBITER TIME 

17.0 

PERFORM UNSCHEDULED REPAIR 

16.0 

3 

120 

) REQUIREMENTS^ (star 20) > 

18.0 

MAINTAIN OTV ^ 




• 


1 





19.0 

CHECK OUT OTV > 

5.0 

6 

30 

ENGR, |STliMIE_^ 


( 





20.0 

DEMATE CHECKOUT GSE 1 




o ^ 

• ^ n 

21.0 

VERIFY OTV INTEGRATION WITH ORBITEr) 




O Tj 
C 


(CIT) ( 

8.0 

6 

68 

> 

ENGR. ESTIMATE LT in 

22.0 

TRANSPORT TO LAUNCH PAD | 




^ to 

23.0 

RESUPPLY NON-CRYO CONSUMABLES j 

27.0 

£ 

162 

BASED ON ORBITER TURNAROUND TIME 

26.0 

STOW OTV IN ORBITER PAYLOAD BAY f 

9 

segment (star 20T^ 
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TABLE C-1. Tin BATIOIALB - OTV CBOUBD 8BBV1C116 (COBT.) 


TASK 

NO. 

TASK DESCRIPTION 

ELAPSED 

TIKE 

(HR) 

CREW 

QTY 

MAN* 

HR 

RATIONALE 

2S.0 

RESUPPLY CRYO CONSUHABLES 

6.0 

• 


1 MANPOWER BY NASA CONTRACTOR (ORBITER 

26.0 

SHUTTLE LAUNCH OF OTV 

6.0 

- 

- 

1 PACED TIME ELEMENTS) 


SUBTOTAL 

136.0 


576 


27.0 

BOOST A CIRCULARIZE ORBIT{ CHECK 

6.0 

6 

26 

RENDEZVOUS WITH 'COMMUNICATIONS 


OUT OTV 




SATELLITE IN LEO 


TOTAL 

160.0 

6.23 

600 





AVC.* 


• 


*CALCULATED BY 


TOTAL HAN-HOURS 

TSTArfwnrriHf 




0064P 


FUNCTION 

NO. 

, 






RETURN OTV TO ORIR 

(») 

□ 






SAFE, RETRIEVE & BERTH 

(2,3,4) 

a 






t4AFii;STOW ' 

(5^) 

a 




sp 


RETURN TO EARTH 

(7) 

□ 





ViAfFji^NSP, TO OPF 

(P,10» 

□ 






UNSTOW OTV, TR. TO OTV P.F. 

(11.12) 





> o 


INSPECT, MATE C/O GSE 

(13,14) 

□ 



C m 


TEST OTV 

(15) 


□ 



■ 

SCHEO REPAIR 

(16) 



- 1 




UNSCMED REPAIR 

(17) 







CyOOTV 

(10,19,20) 




□ 



VERIFY ORBR INTEGR 





□ 



& TRANSPORT TO PAD 

(21,22) 






RESUPPLY NON-CRYO 








CONSUM & STOW IN ORBR 

(23,24) 




cm 


] 

RESUPPLY CRYO 

(25) 






□ 

SHUTTLE UUNCH OF OTV 

(26) 


- « 

■ 

* ‘ 

t 

cz 


20 40 60 80 100 120 140 

ELAPSED TIME (HOURS) 

nCUBS C>I. CHBCXOUT/SESnclBG TIRSLXn OTV > GBOUKD SEBTICIK 



HV800 


TiBLB C>2. TINE miOlU 


TASK 
. HO. 

TASK OESCRIPTIOH 

1.0 

RETURN OTV TO SOC (PREPARATION 
BY CREW) 

2.0 

SAFE OTV (OEAniV.MAIN ENGINE) AND 
PERFORM PROXIMITY MANEUVERS 
(STAYIONKEEPING) 

3.1 

QOSK OTV TO SOC 

4.1 

SAFE OTV (DEACTIVATE AHITUDE 
CONTROL SYSTEM) 

S.I 

MANEUVER OTV TO FBF (USING MANIP4 

S.I 

MATE CHECKOUT UHBILICALS 

2.1 

(i) SAFE OTV (POWER, FLUIDS) 

(b) INSPECT OTV (RMS TV CAMERA) 

IS 

TEST OTV (ELECTRONICS ft MECH. 
ACTUATQRS-VERIFY ONBOARD TEST 
EGU.’K4ENTDATA) 

I.S 

, 

PERFORM SCHEOULEO MAINTENANCE 


ELAPSED 

imt 

m\ 

5"^^ u- 

4.9 


TUBIABOUIS AT SOC 


MAH. 

HR RATIOMAIE 

20.9 PLANNING INCLUDES ALL ASSIGNED CREM; 
ACQUISITION ft MCNITORING INCLUDED 

1& preluainahy estimate 

2 1 SIMILAR TO ORSITER DOCKING; SAFETY- 

CRITICAL MANEUVER: EXTRA “EYES'* RED’D 

1.2 MULTIPLE CREW AT READINESS 

2.S RMS OPERATOR, SOC COR. PSP OPERATOR, 
OTV DIRECTOR OBSERVER 

2.5 RMS OPERATION, similar TO SPAR DATA 

Ij I ENGR. ESTIMATES 

4.5 INCLUDES GROUND COMMUNICATIONS 
SPECIAL PROGRAMS 


72J 


TWO MODULES REPLACED 0 2 HR 
EACH SERIALLY 




























c-a 


FUNCTION 

NO. 




RETURN Ofv TO SOC 

(1) 

1 



SAFE OTV M.E. & 

n 

•DEUYS AND REST/SLEEP 

PROXIMITY MANEUVER 

(2) 

u 

PERIODS NOT INCLUDED 

DOCK OTV TO SOC 

P) 

0 



SAFE OTV ACPS 

(4) 

0 



MANEUVER TO FSF 

(5) 

0 



MATE C/O UMBIL 

(6) 

Q 


*Q O 






SAFE A INSP OTV 

(7) 

1 1 

■ 

o > 
» p 



□ 


(O *TJ 

TEST OTV 

(8) 


C. > 

PERFORM SCHED 
MAINTENANCE 



T“ ri 

(9) 

f ' 


:2m 




PERFORM UNSCHED 



L_“ 1 


MAINTENANa 

m 




MAINTAIN OTV 

(11) 

(NOT USED) 

• 


CHECKOUT OTV 

(12) 


□ 


RESUPPLY CONSUMBLS 

(13) 

1 1 

□ 

1 1 

1 


0 5 10 15 20 . 25 30 

ELAPSED TIME (HOURS) 


FIGUBB C>2. CHBCKOUT/SBRVIGIHQ TIKELZHB 
OTV TURHAfiOUHD AT SOC 
(VITUOUT P/L MATE) 
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TABLE C-3. TIME BATIOSALE - COMNUEICATIOH SATELLITE SBfiVICIHO AT ORBITER 


TASK DESCKtrTIM 


1.0 i Of PLOT com SAT nON PATLOAO (AT 


MiWCUVER COmUHl CATION SATtLLITE 
um TO HOLOINC fixtukc 
HATE CHECKOUT UMILICAl 
PKELin. CHECKOUT Of COMH SAT 
OCPLOY APPEMOACES CANT.. RAOIATOKS) 


ELAPSED 

TINE 

(HK) 


KATIONAU 


lASEO ON SPAR SIN. 
DATA (TAOU A*9> 


3.0 1 I.S ENCR. ESTIRATE 
' IE. 5 fROn TABLE A>5 
70.9 FRON TABLE A-5 



CHECK OUT CONNUNICATION SATELLITE 
SAFE CONNUNICATION SATEUITE 


DEHATE UN8ILICAL 
10.0 I RELEASE CONN SAT (PKRKIHC ORSIT) 


1 1.0 I DEPLOY OTV FRON PATLOAO BAT 



BASED ON TABLE A>9 


12.0 I MANEUVER OTV 


13.0 BERTH OTV TO HOLDINS FIXTURE 
lA.O NATE OTV UMBILICAL 

15.0 CHECK OUT OTV 

16.0 RETRIEVE CONNUNICATION SATELLITE 

17.0 HATE OTV t CONN SAT 

IB.O OaCX OUT INTECRATIOH SYSTEM 

19.0 DEMATE OTV UMBILICAL 


20.0 SEPARATE INTEGRATION PATLOAO 

21.0 LAUNCH TO CEO 




BASED OH TABLE A-9 
EMGR. CSTIHAH 
l.sj FRON TABLE A-5 
FRON TABLE A>$ 
cnga. estimate 
FRON table A-S 


I.S I FROM TABLE A>5. 

I NO SERVICING REQ'D; 
I FUELED OH ground 

FRON TABLE A-$ 


FMN TABLE A'S 



AVEAACE PER TASK 


SO.t t i3.o|;M.8 
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f 


1 


FUNCTION 

NO, 





deploy, berth & CHECKOUT 






COMMSAT 

(1-5) 

. 1 




DEPLOY COMAASAT 





APPENDAGES 

(5) 

1 

1 



COMMSAT C/O & ALIGN 

(7) 


1 


i 

SAFE, DEMATE AND PARK 






(ORBIT) COMMSAT 

(8-?3) 




o 

DEPLOY, BERTH, C/O - OTV 

(n-15) 




IUDI 

MATE COMMSAT/OTV - C/O 

(16-18) 




□ 

DEPLOY COMMSAT OTV •• 






UUNCH TO GEO 

(19-21) 




CZ3 



L_ 

1 

L-. 

1 L 


0 10 20 30 40 50 

ELAPSED TIME • HOURS 

nouu c>3. CHBCKOin/SIBTlClIG TTHBUIBt COMM SAT AT OIBXTB 


OF POOR QUALfi'Y 



ORIGINAL PAGI [a 
OF POOR QUALITY 

TABLE C-4. TDCB BATIOHALB - COWrjHICAIIOH SATELLnS SEHVICIKC AT SOC 


I 


TASR 

HO. 

TASK DCSCKimON 

■tQI 

Ksm 

CREW 

OTY 


RATtOHALE 

).0 

OOCX OKIITCR TO SOC 

3.25 

3.0 

9.6 

AVe. 1.75 HR. RASED 
ON OATllCHT DOCKING 
« UNLOAD FUEL 
(1.5 HR) 

2.0 

OCRLCT com SAT FROM FAYLOAO lAT 

0.3 

3.0 

0.9 

lASED CH SPAR SIH. 
OATA (RHS PREV, 
CHECKED) 

3.0 

MMEUVER com SAT TO SOC 

0.8 

3.0 

2.4 

SPAR ${h. data 
(ROC iUCK SOC VORK- 
OAV HAHOSOOK) 

4.0 

lERTH com SAT TO SOC 

0.2 

3.8 

0.4 

«F TEST IIHILARPTT 

$.0 

HATE CHECKOUT UHOIUCAL 

O.S 

5.0 

2.5 

LIKE OTV time 

4.0 

PRELIH- CHECKOUT OF COm SAT 

5.4 

3.0 

14.0 

pRon table a>5 

7.0 

DEPLOY com SAT APPENOACES 

18.2 

:.i 

70.9 

81 

8.0 

CHECK OUT com SAT 

12.8 

2.8 

3V.4 

II 

9.0 

SAFE com SAT 

0.5 

3.0 

1.5 

01 

10.0 

DEKATE com SAT UKSILICAL 

0.5 

3.C 

1.5 

EKR. EST'ittTE 

n.o 

haheuver com sat to otv 

2.0 

3.5 

7.0 

FRDK TABU P-5 

12.0 

DOCK OROtTER TO SOC 

3.25 

3.0 

O.J 

SlHE as I.O (tNCL. 
unload FUEL) 

13.0 

DEPLOY OTV FROM PAYIOAO BAY 

0.3 

3 0 

0.9 

SEE 2.0 

>4.0 

haheuver OTV TO SOC 

0.8 

3.0 

2.4 

SEE 3.0 

l$.0 

•ERTH otv TO SOC FSF 

0.2 

3.0 

0.4 

SEE 4.0 

14.0 

HATE OTV OHIILICAL 

0.5 

5.0 

2.5 

SEE 5.0 

n.o 

CHECK OUT OTV 

2.5 

2.0 

5.0 

FRON TABLE A-5 

18.0 

hate otv a com SAT 

1.0 

3.0 

3.0 

8< 

19.0 

CHECK OUT (RTECRATEO SYSTEH 

1.0 

4.0 

4.0 

»l 


SUPPLY OTV with CONSWAIIES 

1.5 

3.0 

4.5 

II 


DEHATE OTV UHRtLiCAL 

1.0 

3.0 

3.0 

M 


SEPARATE lintCRATEO SYSTU 

1.5 

3.0 

4.5 

M 

23.0 

launch, to CEO 

3.0 

3.0 

9.0 

!• 


totals 

41.0 

73.4 

199.4 



AVERAGE PER TASK 

D 

3.2 

D 



0084R 
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function: 

NO. 




DOCK pRBITER 1 

0) 

□ 


• 

DEPLOY & BERTH COMMSAT 

(2-5) ; 

□ 



COM/vISAT FIRST CHECKOUT 

(6) 

LJ 



DEPLOY COMMSAT 

(7) 

C 

- ..J 


COMMSAT CHECKOUT 

(8) 


c 

'"’""1 

COMMSAT - OTV MATE 

(9-11) 



□ 

DOCK ORBITER 2 

(12) 



□ 

DEPLOY & BERTH OTV 

(13-16) 



0 

OTV CHECKOUT 

(17) 



□ 

OTV/COMMSAT CHECKOUT 

(18-19) 



□ 

SEP, UUNCH COMMSAT TO GEO 

(20-23) 



» » 



1 - 

1 i 

1 1 1 



} 10 

20 30 

40 50 60 




ELAPSED TIME 

-HOURS 


rXGUBE C-4* CHBCKOUT/SEBVICIHQ TIHELlR. COlOf SAT II 80C 


OF POOR QUAUfir 




TIBLB C-;. com 8AT CBBCKOUT/SXSflCXK (nCinZSlK BnHUTB PIS TASK) 


oit:z:rr± 

OF roOH QUALITY 



C064R 
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Hteoo 


FUNCTION 

NO, 





SAFE & SHUTDOWN Sff 

(8) 

3 




ACQUIlf SFF • IMS 

W 

0 




lEtTH STF TO OUHU 

(10,11) 

□ 




SAFE 1 INSIST SFF 

(12,13) 

o 



o c 

-n X 

UNLOAD ft STOW CANNiSTEftS 

(14,15) 

d 

Z1 . 


T! CP 

c 5 

£ S' 

TEST SFF 

(1ft) 


0 


o --> 

UNSCHEO MAINT ft C/O 

(17,17.1) 


cz 

— 1 

> 1 • 

Z- ^ 

SCHEOMAJNT 

(1« 



a 


LOAD MATUIALS CANNiSTEtS 

(IF) 



c 

ZD 

CHECKOUT CANNISTER CONTROLS 

(K» 




□ 

SERVICE FUELS 

(21) 




□ 

READY SFF - SEPARATION 

(22) 




□ 

SEPARATE SPF 

(23,24) 




a 

MOVE ORMTER FROM SPF 

(25,25.1) 




o 





L_ 

1 — 

1 1 


0 5 10 15 20 25 30 

EUfSEO T1M£ ^KHIIS) 

riGUlC C>5* CMECKOVr/SESTlClia tDCKLlIB, 

3PACS PI0CE35IM FACILITT AT OBBITEa 



TABLE C-6. TIME BATIOIALE - SPACE PBOCESSllG TUBIAROUID OPEXATIOIS 

AT OBBITEB 


TASK 

DO. 

TAtK Mtcaimw 

ClATMO 

ni« 

(Ha) 

cacv 

OTT 

NM- 

1* 

MTIOUU 

1.0 

M7I • UVt HMI iff 

1.0 

* 

JO 

TKt oaaiTia lus amowHco thc stt Mimaiaiiw a wi oit* 
TMct ifttac T« comwo itoa. th( oatiua ccwvuwt m 
iff 10 TM wpKoraiaTt statHtac positioo, oaoiTta cowMM 
« corract Mun au tor sTsunt lo a tart eo twiDOiM coo* 
onieo (tarw atovtate-a. o. t».» 

»• 

Ac«ut«t %er 

o.s 

1 

• .$ 

Ml THE ofPiono oaoiTia am am acquui tmi trr. oen m 
tar viTHia CLott raoitoiTY or tkc oaoiua ocaTNioo aotiTioo 
(tacH ar«.iaio-e. o, o). 

(•.O, 

M.O 

MRTM %rr T9 OMITta 

1.0 

1 

).o 

Ml Tot am TO Ofaro roc tar to tic owtTia. lo iiat 
ivMtta, oaat au uiCTitcaL a rivio cowccTioot. loca au 
_ oaTiHC (arTiaractt WITH TMt wit Icatw aio*o-0- t- 0). 

II.O, 

•}.e 

wi MW lavtCT vf 

2.0 

A 

s.o 

tart oa ao«a owo au luc. a riuio uotTtTtm. me «it> 
uac t auoTE aios to lotPicT toi tar (catw aiquiato— c, o. 

70). _ . 


iw.gM MW $TW naTtaiMS 
CMiitrtas 

a.o 

A 

lA.O 

miTtoa TM caoima mmwiioc rimaat to nc wcoaoiw 
L0ca7!~*, Ml TM am TO UHioao TIC rout pUTtaiait cao- 
imat ooTO TM oaHOuae rimiac. tnw niruM am caoi* 
iTiat la oaiiTta (can atQuia{o->o, c, 20 ). 

it.t 

mt »7f 

1.0 

1 

1 

amr oaoina two to tar. pm ut au tf^r tmcm. mt 
ouiiT*ia TttT < oatiTta c/o irtTio to Ptaroao c/0 or ail 
tp>' tTtTEot. utf OMITta rauiT itocaTioo aouriaet to ito* 
Lart otricTivt triTim 00 toprcacart. lotmiPT ocrzcnvi 
aaaowaat roa aipaia. pome, ecva am tan au mrcm roo 
MioTCMAact acmiTT (can aiquiaio— a. 0. c, 0). 

I7.f 

taruMcavua wkiariaMKi 

$.0 

■ 

20.0 


•7.1 

CNccxavT 

i.e 

1 

■ 

POMt VO au tTtTtOt VttOO OaOtTER ooacot Mt tor OUlCT'li 
TUT a oaoina c/o tquit. to coarim MCttttrvu ortaatioa 
or au tar STtnm. aowa oow oa tm au tTtTEHi ar 
coociMioa or cNtcaour (can atquiuo— a. 0. c. 0 ). 

H.o 

low MTtaiaLt 
CMitTtas oaro trr 

k.o 

1 

K.O 

potmoa MTEaiait Ncmum rmuai with loaMO caoitTcat 
00 loaoiw aaia; loao cammat eo tor Mtoc am; ciott 
OUT caoitTixt; STOM riiTVRt 10 oaoiTit iTona«c aata 
(can afeiiaiO'**a.t.c.a). 


*t8Wi fo« CMW MquMidTt tn cumt m two or this tmu. 


"cvj Tv.':j;oiao 
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TABLE C-6. TIME BATtOIALE - SPACE PBOCESSIIG TUBEABOUID OPEfiATlOIS 

AT OBBITEB (COIT.) 


TASK 

no. 

task OfSCAIATION 

CLATUO 

TIM 

(HA) 

m 

HM- 

m 

UTIONAie 

20.0 

CNCIAOUT— MTHIAlS 
OAOCtSSiNC tONTAOlS 

1.0 


1.0 

AOriT OAOITIA rOMR TO vr. ACTIVATI SOr*OAOITfA tMCROUf 
STStCAt ACTIVATC srr HATIAIALS AROCCSSiaC CONTAOLS; riA- 
rOAN rwCTIOAAL TtSTS or AU COMWAO and CONTAH ruNCTIOHS 
rout A OOM OA SATI ALL STSTplS (CAiU RtQ'0'>A. 0 . C|. 

21.0 

UKvict runs 

1.0 

■ 

■ 

AC1IVATI srr StAVItlAO mUN; VlAirV SIAVICt CONNICriDNS 
VALID; rLACt OAOITIA SIAVICIN6 STSTin IV AIAOT; IHITIATt 
FLUID TRAHSriA TO SAT; COfTLITI SIAVICIAC OrCAATIONi 
PLACt ALL SAP STSTIM IN SAT! (tMU AtO’O— A, 0, C. O). 

22.0 

iiAOT srr roA sirAMTin 
FAON OAOITIA 

1.0 

■ 

■ 

vfsirv ALL srr irmm ia satc oa pommo-dowa Ncofi 
Atwvt OAOITIA POHIA roOA SPF; lAITIATI SPP POMA STSTIN; 
SAFI OR SHUT OOUA ALL SPr STSTINS; USt NAS TO RiNOVt ALL 
UnAILICALS; STOU WWIIICALS (CRtW RtQ'O— A, 0. C. 0). 

21.0. 

2A.0 

ItfAMTt VT MCH OKSITtR 

2.0 

■ 

■ 

iir 

2*0 

Novt ouiTti noN svr 

2.0 

2 

A.O 

IKITIATI OAOITIA ACS ANO HM OAOITIA A SAFI OtSTANCI 
FROM SPF, lAITIATI SPr SPACI PAOCISSIK STtTIMS AM 
VIRirV PAOPIA OPIUTION USIAO OMITIO COIIIAM 0 CONTROL. 
VSIAO miA PROPULSION OA ACS, ROOT OAOITIA TO PAMINC 
OAOIT {CRItf RIQUI«0>-0. C). 

».l 

STOW ADO UCUU AM 

O.J 

> 

T.S 

STOW MO UtUAf om IN OAOITIA IN PAIPAAATION PON CAATN 
AITUAA (CAIW AIQUIAIO>’A. 0, C) 


■OTIS 

I. tmt COOTS (OMITH) 

A— riLOT (COHNMMA 
•~CO-PILOT (SAFITT) 

C-SFr IIUCTOA 
■^SMCIAIIST 

1. AIL ItAASfl TIMS NVItOrtS AAI lASIS ON C■CIHtlAt■C CSTCMTIS 
or TIMIS UQUIMt TO ACCOmiSN lACH KTAIICO TASC. 


O 

•n 

•V 

o 

o 

73 


i > 


< ir* 


-v^Ji^lao 









FUNaiON 

NO. 

RETURN SPF TO SOC 

0) 

SAFE & DO<f K 

(2,3) 

SAFE & SHUTDOWN 

(4) 

UNLOAD MAT*L$ 

(5) 

SAFE & INSPEO 

(4) 

TEST 

(7) 

SCHED. MAINT 

(C) 

UNSCHEO. MAINT 

m 

CHECKOUT 

(10) 

LOAD - MAHRIALS 

(11) 

LOAD MODULE C/O 

(12) 

SERVICE - FUELS 

(13) 

READY A SEPARATE 

(14,15) 

PLACE AT SAFE DIST. 

(16) 


3 10 15 20 

ELAPSED TIME (HOURS) 

FIGURE C-6. CHE9CK0UT/SERV1CIRG TIMELIRE, 

SPACE PRCCESSIVO PACILITT TUBNASOUHD OPEBATIOES AT 80C 


i 


ORIGINAL FAL.: 







TiBLI C-7 


TIME BATlOliU • SPY TUBIIROUID (^EBATIOIS ¥!« 80C 


TASK 

NO. 

TASK DESCRIPTION 

ELAPSED 
TIME (HR) 

CREW QTY 

MAN-HOURS 

RATIONALE 

1.0 

SPF RETURN TO SOC 

3.0 

3 

9.0 


2.0 

SAFE SPF 

0,5 

3 

1.5 

REMOTE OPERATION 

3.0 

RETRIEVE SPF 

0.5 

6 

2.0 

SPF DOCK TO SOC 

A.O 

BERTH TO FSF 

0.5 

6 

2.0 

BERTH TO FSF WITH RHS 

5.0 

HATE UHB III CALS 

0.5 

6 

2.0 

CONNECT UMBILICALS 

6.0 

SAFE & SHUT DOWN SPF 

0.5 

3 

1.5 


7.0 

INSPECT SPF 

1.0 

6 

6.0 

PRELIMINARY INSPECTION 

8. 0,9.0 

UNLOAD & STOW CANISTERS 

A.O 

6 

16.0 

PROCESSING CANISTERS 

10.0 

INSPECT t CHECK OUT SPF 

2.5 

6 

10.0 

FAULT ISOLATION 

II. 0 

UNSCHED. MAINTENANCE-REPAIR 

5.0 

3 

15.0 

25-HR MISSION, 2 FAILURES 

II. 1 

SPF CHECKOUT 

1.0 

6 

6.0 

MAINT. VERIFICATION 

12.0 

SCHEDULED MAINTENANCE 

2.0 

3 

6.0 

ADJUST. ALIGN, ETC. 

13.0 

LOAD MATERIALS CANISTERS 

6.0 

6 

16.0 

FOUR MODULES 

llt.O 

CHECKOUT— CANISTERS 

1.0 

3 

3.0 

CHECK OUT FOUR MODULES 

15.0 

RESUPPLY CONSUMABLES 

1 .0 

6 

6.0 

SERVICE FUELS 

16.0 

PREPARATION FOR SEPARATION 

0.5 

3 

1.5 

SEP. UMBILICALS, ETC. 

17.0 

SEPARATE SPF FROM SOC 

0.3 

6 

1.2 

USE RHS 

le.o 

SPF TO FREE ORBIT 

3.0 

3 

9.0 

SOC MONITOR S CONTROL 


TOTAL 

31.0 

66 

108.0 



AVERAGE PER TASK 

1.7 

3.5 

6.0 



o Q 

■o O 

BS 

73 - 
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■j r/i 
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61-0 


TABLE C-e. TTPICAL OS>OHBIT CHBCXOUT/SmiCIIC (S>SRATIOMS BSTOUTIOI 
GUlSELIfBS (APPLICABLE TO OTV, SATEUITS3, SPACE PBOCESSIIG PACUlTT, ETC.) 


ACTIVITY 

TASK TIME 
(HOURS) 

CREW required 

quantity 

MAN-HOURS 

REMARKS 

RETURN TO SOC VICINITY 
READY TO DOCK 

3.0-11.0 

y-k (At^c+o) 

9.0-16.0 

MOVE 1 MILE— 0,5 FT/SEC 
RETURN OR DEPART SOC 
(LARGER NUMBERS FOR OTV) 

SAFE THE UNIT 

0.5 

3 (a*c*u) 

1.5 


INSPECT THE UNIT 

2.0 

«i (A+C+OfE) 

8.0 

DIRECT C REMOTE VISUAL 

DOCKING OR SEPARATION 

0.3 

k (AfC-t-M-E) 

1.2 

HANIPULATOR IS USED 

TEST OR CHECKOUT 

1.0 

A (A+C+tH-E) 

A.O 

END TO END; POWER UP C 

shut down 

SERVICE FLUIDS 

1.0 

A (A+C+D+E) 

A.O 

SETUP £ TEARDOWN— 0.5HR 
FUEL— 0.5 HR 

UNSCHEDULED MAINTENANCE 
REPAIR— PER FAILURE 


RtR 3 (C^DfE) 
C/O A (A+C»D4^E) 


REMOVE t REPLACE (REMOTE) 
CHECKOUT (SUBSYSTEM) 

CREW COOES 

A— SOC COMMANDER 
B— LIFE SUPPORT DIRECTOR 
C— PROGRAM DIRECTOR 
. D— SAFETY t MAINTENANCE 

E— SPECIALIST 

• HANIPULATOR 

• TEST 

• FUEL SERVICE 




ORIGINAL PAC2 IS 
OF POOR QUALITY 




TABLE C-9. TIPICiL BMS FUHCTIOE TDEB FROM SPAR STUDIES 


FUNCTION 

I*i!i 1 

MINUTES 

HOURS 

UNCRADLE AND CHECK OUT ARM 

60 

1.0 

DEPLOYHENT (32 KL8) 



• MANEUVER TO GRAPPLE PAYLOAD 

15 

0.25 

• DEPLOY FROM GUIDES 

5 

0.08 

• MANEUVER TO RELEASE POSITION 

20 

0.33 

RETRIEVAL (32 KLB) 



• TRACK i CAPTURE (TERMINAL PHASE) 

15 

0.25 

• MANEUVER TO GUIDES 

15 

0.25 

• BERTH PAYLOAD 

5 

0.08 

• STOW RMS 

15 

0.25 


Source? Middleton, J.A., Considerations for Payload 
Manipulation, im Proceedings, RMS Users’ Conference, 
Skyline Hotel, Toronto, Canada, 5-7 May 1981. 


i I'j 

OF POOR QL'AUTY 
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APPENDIX 0 
COST ANALYSIS SHEETS 


D-i 




i' 

OF POOR 


COST ANALYSIS SHEET 


ITEM 0^ FL'hCTION 

OTV SERVICE FIXTURE WITH SERVICE COMMECTIOM 


TAGE 


f.EF, 

HO. 


I CF 3 


project/system 
OTV— GROUND SERVICING 


WBS 

•.' 0 . 


ACTIVITY 

SERVICE S C/0 OTV 


NO. 


FLOW CHART 
U.O 


OESCRIrTICN/SPEClFICATICN/OESIGN 
SERVICE FIXTURE TO SURROUND OTV AS 
SHOWN TO PROVIDE ACCESS TO ALL 
AREAS IN NEED OF SERVICE— HUST HAVE 
TWO UMBILICAL ARMS SIMILAR TO SOC 
SERVICING CONCEPT (SEE SHEET 2) 


oru’ 



DDT&E 


PAYLOAD OPERATIONS 

$ - M TFU 


TOTAL MASS 

(KG) 


?opo, ■ 


structural mass 

(KG) 

3.992 

• 3980 

^ 3.088 

MECHANISMS MASS 

(KG) 

8.028 

1020 

_ (see p. 2) 

ELECTRICAL/PD MASS 

(KG) 



8.90A 

ELECTRONIC MASS 

(KG) 




REQUIRED QUANTITY 

• 

1 

• 


COMMENTS (DDTCE OR TECHNOLOGY STATUS) 
typical FIXTURE $12,020 


Sn.992 


CER’s/FACTORS 


similar TO aircraft SERVICING FIXTURE 











COST ANALYSIS SHEET 


JTt« oa FUHCTION 

UHSaiCAL ARMS ON OTV SERVICE FIXTURE 


project/svstem 
OTV— GROUND SERVICING 


activity 

SERVICE t C/0 OTV 


OESCRI FI 1 0.’l/SP£C I F I CAT I ON/OESi CN 

OTV SERVICING FIXTURE MUST BE 
EQUIPPED VITH TWO UMBILICAL ARMS 
SIMILAR TO THOSE USED IN SOC FLIGHT 
SUPPORT FACILITY. 

SEE ATTACHMENT FOR CONCEPT 



FLOW CHART 
12.0 


DDTKE 


$ - M 


RECURRING 


TOTAL MASS (KG) 

STRUCTURAL MASS (KC) 0.1*77 

MECHANISMS MASS (KG) 3-769 


ELECTRICAL/PD HASS (KG) 
ELECTRONIC MASS (KG) 
REQUIRED QUANTITY 


0.372 


6.619 


0.810 


COMMENTS (DDTCE OR TECHNOLOGY STATUS) 

$ 1 >. 6!8 


$ 7.929 


ORIUVr. - ■ ■ , 

OF POOR QOALlI 




k2 









FUNCTION 

ITEM 2.2 Mace 


iin>co 



ATTAO^«^^T 


3 of 3 


SUBJECT Payload Fixtura Raquirenanta 



The payload fixture nuat duplicate the uabilical connections to be 
used in space (SOC) to verify the aligntnent and attachmnt functions 
(pull>in» QD leakage, etc.) 


on'rr-nL r'Acs is 

OF POOR QUALITY 


D-3 










f 


ORIGiNAL VJ 

OF POOR QJALiT/ 


COST ANALYSIS SHEET 


ITEM OR FUNCTION 
OTV FLUIDS INTERFACE ON ORBITER 

PAGE 

J OF I 

REF. 

NO. 


project/system 
OTV— GROUND SERVICING 

WBS 

!IO. 


ACTIVITY LOADING CRYOGENICS AND OTHER 
PROPELLANTS AND FLUIDS 

NO. 

25.0 


OESCIil FT I OM/SPtCJ F I r.ATI ON/OES » CN 

CRYOGENICS AND OTHER CONSUKABLES WILL BE LOADED ON OTV WHILE OTV IS IN 
ORBITER PAYLOAD BAY ON THE LAUNCH PAD. FLUID INTERFACES BETWEEN GSE AND 
ORBITER AND BETWEEN ORBITER AND OTV AND ASSOCIATED LINES ARE NEEDED. 
INTERFACES WILL BE QUICK CONNECTS/DISCONNECTS (LO 2 , LH 2 . He, N 2 , HYDRAZINE) 


DDT&E $ - IT RECURRING 


TOTAL HASS 

(KG) 


J 12 


STRUCTURAL HASS 

(KG) 

0.708 

• 50 

0.711 

HECHANISKS HASS 

(KG) 

1.531 

60 

^ 2.035 

ELECTRICAL/PD HASS 

(KG) ] 

1 



ELECTRONIC HASS 

(KG) 1 

SEE NEXT 
I SHEET 



REQUIRED QUANTITY 

• 



— LO2 ® 


COMHENTS (DDTtE OR TECHNOLOGY STATUS) 

$ 2,239 $2.7«»6 


CER'S/FACTORS 










OR'GtMAl J'AG'*: 53 
OF POOR QUALITY 


COST ANALYSIS SHEET 



CCR't/FAtTORS 









COST A'nIA LYSIS SHEET 


ITEM 0^ fUNCTJON 

OTV CONTROL » HONITOR STATION ON ORBITER 


TACE 

P.EF." 

NO. 


I C? 


project/system 
OTV— GROUND SERVICING 


W8S 

•JO. 


ACTIVITY 

MW ITOR HEALTH t STATUS OF OTV 


NO. 


OESCRi FT I C;l/SP£C I F I CAT I ON/DES I Gli 

RETRIEVAL OF OTV G STOWAGE IN PAYLOAD BAY 
PRIOR TO RETURN TO EARTH WILL REQUIRE THIS 
SERVICE. OTV SERVICE PANEL WILL BE IN 
ATT FLIGHT DECK. 


5-0, 6.d 




DDT&E 

B - H 

TFU 

TOTAL MASS 

(KG) 


1000 


STRUCTURAL MASS 

(KC) 

3.586 

900 

2.970 

tm 

MECHANISMS MASS 

(KG) 



• 

ELECTRICAL/PO MASS 

{KG) 




ELECTRONIC MASS 

(KG) 

K076 

200 

1.170 

REQUIRED QUANTITY 


• 

1 

- 

COMMENTS (DDTtE OR TECHNOLOGY STATUS) 




i 

1 


$A.662 


$A.lAO 


CER's/FACTORS 











COST ANALYSIS SHEET 


iTEn oa FUNCTIOH 

OTV CONTROL R MONITOR STATION ON SOC 
(software and its storage only) 


rroject/ststek 
OTV— SOC SERVICING 


activity 

SERVICING t C/O OF OTV 


OESCRIfTlCN/SPtC'FlCATION/DESICN 

CONTROL STATION R COMPUTERS WOULD BE STANDARD 
EQUIPMENT ON BOARD. BUT DEDICATED OTV SERVICLNG 
SOFTWARE WOULD BE REQUIRED. 



1.0 THROUGH 1A.0 


TOTAL MASS (RC) 
STRUCTURAL MASS (KG) 
MECHANISMS MASS (KG) 
ELCCTRICAL/PD MASS (KG) 
ELECTRONIC MASS (KG) 
REQUIRED QUANTITY 


COMMENTS (DDTCE OR TECHNOLOGY STATUS) 


$ 1 , 000,000 


CER's/FACTORS 










COST ANALYSIS SHLET 


lUH JUNCTIOK 

exTeN(Mnc non -prop ulsivc booh 


rAit < 

ITT 


PNOJtcT/SYSTr« 

OTV— $OC SIRVKING 


activity 

PURGING & VENTING OTV 


DISC RIFT IC:4/^P£CIF ir.ATION'OtVIGS 


NO 


WCS 


NO. 


7.0 


CF 


2 


BOOH REQUIRED TO AVOID CONTAMINANTS 
FROM PURGE GASES. SEE ATTACHMENT. 


DDTaE $ - ff TFU 


TOTAL MASS 


(RG) 


^ 


STRUCTURAL 

mass 

(KG) 

0.263 

iS 

0.163 

mechanisms 

M/.SS 

(RG) 

0.655 



- - 0.399 


IIECTRICAL/PD MASS (RG) 


ELECTRONIC MAiS (RG) 0.019 _ L 0,020 

REQUIRED QUANTITY ’ - 

COMMENTS lODTlt OR TECHNOLOGY STATUS) 

$ 0,937 SO.SM 


CES'»/rAtTOR$ 













TOflClNG ACTlYllY IftTA 


6.0 Safa 6 Chaekout OTV 

rcmoD 

ATTAOtCNT 


PAGE 

2 of 2 

^Ugjg^SOC RaguiraaMnts 



An •xpulaion ayttan for purfa fc vant of OTV aKpandiblaa tanka ' 

Figura 1. An axpulaion ara, axtandibla froa tba aarvica fixtura to 
trananit ovarboard gaataa away fro« tha SOC to ainiaiaa or pravant 
contamination. 

Figura 2. An non-raactiwa jat to aininiia or pravant raaction 
forcaa against tha SOC aaaaably. 

Out board ands of fraa-floating ahuttla absorb all raaction 
foreas such that tha input orificas aatar tha flow of gassas. 
To cantar tha shuttla at a location rasulting in a balancad 
raaction. 


D-9 




COST ANALYSIS SHEET 


ITCH OR Function 
RETRACTA8LE UH8ILICALS 

1 PAGE 

1 CF 2 



project/systch 
OTV— SOC SERVICING 

WBS 

'! 0 . 


ACTIVITY 

RESUPPLYING CONSUMABLES 

NO. 

5.0 G 13.0 

OCSCRIPT 1 C:i/S*CC 1 F I CAT 1 ON/OCS 1 CN 
SEE ATTACHHENT FOR CONCEPT. UH8LICAL ARN WOULD BE 
STANDARD EQUIPMENT ON FLIGHT .SUPPORT FACILITY, BUT 
DOES NOT NORMALLY INCLUDE CRYOGENIC DISCONNECT, 


DOTtE $ ■ ff KECVJKMNC 


TOTAL MASS 

(KG) 


J12 


STRUCTURAL MASS 

(KG) 

O.I177 

• 180 

^ 0.500 

MECHANISMS MASS 

(KC) 

3.789 

280 

— 8.8I9 

ELCCTRICAL/PD MASS 

(KG) 




ELECTRONIC MASS 

(KG) 

0.3/2 

50 

___ 0.8)0 

REQUIRED QUANTITY 

• 

2 

LOj G LH 


COnHENTS (DDTiE Oft TECHNOLOGY STATUS) 

$^.618 $ 7,929 

COSTS OF LO2 S UH2 DISCONNECTS ARE ONLY RELATIVE INPUTS THAT ARE REQUIREO 
IN THIS ITCH. 


CER'i/fACTORS 

oric5:kmL f,. . 1 : ■ 
OF POOR QUA^HY 


O-IO 









FUNCTION , „ . 

5.0 Mate OTV Ombilicals 


NETH3) 


Requircaents 


f'CVtiLt 



ATTAOfCNT 

■ 

PAGE 

2 of 2 



FSF-f 


5NIH6Aim 



i FXTtNSION 


-J-OTV 


Four tmbilical sett oo the service fixture between the pids rails 
and the FSF comer. 

i * S 

The LH. umbilical in the storage deck area, Che lox umbilical and 
the CN^ acts and he \nnbilicals in the tankage area are fixed in location 
to mate with the OTV at the servicing station. They extend from inside 
the FSF approximately 1 meter to engage the OTV. 

The fluid umbilicals ere serviced by flexible hoses. 

The FSF contains distribution/manifolding lines with valving and 
puxps to the stowage tanks. 


ORIGIN/^- • * ' ' 

OF POOR Q'JAL'ii T 










original page 13 
OF POOR Q’JALriY 


COST ANALYSIS SHEET 


ITEM OR FUNCTION 
RETRACTABLE UMBILICAL SYSTEM 

FACE 

I OF 3 

REF. 

NO. 


project/system 
COMMSAT— ORB ITER SERVICING 

was 

?;o. 


ACTIVITY 

CHECK OUT COMMSAT S OTV 

NO. 

6.0 t U.O 

5.0 6 15.0 


0£S£R1FTI0:j/SPECIFICATI0N/DESIGH 

SEE ATTACHHENTS FOR CONCEPT. ONLY EUCTRICAL 
CONNECTIONS— NO FUEL. 



• 

DDTSE 

$ - H 

TFU 

TOTAL MASS 

(KC) 


120 


STRUCTURAL MASS 

(KC) 

0.263 

20 

0.143 

MECHANISMS HASS 

(KC) 

1.321 

50 

0.863 

ELECTRICAL/PD MASS 

(KC) 




ELECTRONIC MASS 

(KC) 

0.372 

50 _ 

0.415 

REQUIRED QUANTITY 

• 

1 



COMMENTS (DOTtE OR TECHNOLOGY STATUS) 

$1,956 % UkZ 7 


CER'i/fACTORS 








FUNCTION ^.0 Itet* OmbiUeal i S.O Check-ouC 
ITl^ Couat 

“ Fro« Orbicar 

METHOD 


ffit g- f t^Machod Datcripeion 


ATTAOf€MT 

■ 

PAGE 

^ of 3 


^ CQMMSAT 
HPA 



0 RMS locka on to uabilieal. 

0 RMS connacCi uabilical to SPF. 
0 Chack-out of conaat fuacciona. 


orig.t:al rj 

OF POOR Q'JAU'iY 












COST ANALYSIS SHEET 


ITEM OR function 

COHHSAT* CONTROL t MONITOR STATION 

1 1 

1 OF 1 



PROJECT/SVSTEH 

COHHSAT— ORB ITER SERVICING 

m 


ACTIVITY 

C/O OF COHHSAT S OTV 

NO. 

5.0 THROUGH 8.0 

15.0 S 18.0 


OESCRI PT I C:i/SP£C I P i CAT I ON/DCSI GK 


I CHECKOUT OF COMHSAT K OTV WOULD BE CONTROLLED AND 
I MONITORED FROM STATION IN AFT FLIGHT DECK. 


• DDTtE $ - M TFU 

TOTAL HASS (KG) 

STRUCTURAL HASS (KG) I.I&9 

HECHANISKS HASS (KC) 

CLECTRICAL/PD HASS (KC) 

ELECTRONIC HASS (KG) 1.076 

REQUIRED QUANTITY 

COMMENTS (DDTtE OR TECHNOLOGY STATUS) 

$2,245 $2,138 


iCER* S /factors 


1000 


' _800 0.792 


200 1.346 

_J 










COST ANALYSIS SHEET 


ITEM OR FUNCTION 
RETRACTABLE UMBILICAL SYSTEM 

PACE 

1 OF 3 

REF. 

NO. 


PROJECT/SYSTEM 
COMHSAT— SOC SERVICING 

El 

kSI 


activity 

C/0 COHMSAT 0 DEPLOY APPENDAGES 

NO. 

6.0 THROUGH 9.0 


OeSCRI FT 1 0!1/&F£C I F i CAT I ON/OES I GH 

ELECTRICAL UHBLiCAL ONLY. INTERFACE MUST BE THROUGH ' 
END PORT OF SERVICE HOOUlE NO. 2. 




ODTSE 

$ - M 

TFU 

TOTAL MASS 

(KG) 


25 


STRUCTURAL MASS 

(KG) 

0.091 

5 

O.OM 

MECHANISMS MASS 

(KG) 

0.385 

10 

. 0.222 

ELECTRiCAL/PD MASS 

(KG) 




ELECTRONIC MASS 

(KG) 

0.109 

10 

_ 0.075 


REQUIRED QUANTITY 


COMMENTS (DDTtE OR TECHNOLOGY STATUS) 

$0,585 $0,3'»1 

INTERFACE CONNECTION SIHIUR TO THAT ON DOCKING HOOULE OF ORBITER. 

SEE attached sketches. 


CER's/f ACTORS 


OF POOR • 


n-1 ^ 




















(8.0) S*p«r«tioQ of Craw Modula froa 

— s?v/S; 

METHDD N/A 


Typical Saparacion Machaniaa cencapta 


AHAOtCWT 


3 cf 3 


CieCTftlCAL 

CONfveCTORS 


PCATCN- 


^AUllO 

COUPUMGS 






platcn 


v^CTuMTOft 

M£C.HAhilSM 


"actuator 

mechanism 


REMOTE ACTUATED INTERFACE CONNECTORS CONCEPTS 


Thraa typai of nachanitna are requirad to aeparata tha craw nodule froo 
Cha avionic a /propula ion nodule. The firat type ia a aec of aolenoid 
operated latches ainilar to those utilized in docking nechaoians. Their 
nain function is to aaintain a structural connection between the craw 
nodule and the core. The other two types are functionally ainilar in 
that each consists of a motorized actuator driving acme screws to which 
attached is a plattcn that supports the electrical or fluid connections 
as illustrated above. These active halves of tha interiacas will be 
located on the crew module side. The other halves, on the avionics/ 
propulsion core modula will be passive devices that accepts tha 
illustrated plattens. Appropriate guides and alignment pina will be 
incorporated into the plattens. 
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COST ANALYSIS SHEET 


ITEM OR FUNCTION 

COMMSAT XONTROL t MONITOR STATION ON SOC 

Software t its storage only) 

FACE 

1 CF 

REF. 

NO, 


project/system 
COMMSAT— SOC SERVICING 

19 

991 


ACTIVITY 

C/0 6 DEPLOYMENT OF APPENDAGES 

NO. 

6.0 THROUGH 
A 19.0 


DESCRIPT ICN/SPECIF I CAT! ON/DESIGN 


1 


3.0 


CCMTROL STATIOH ( COMPUTERS WOU’ D BE STANDARD 
EQUIPMENT ON BOARD SOC, BUT DEDICATED COMMSAT 
CHECKOUT SOFTWARE WOULD BE REQUIRED. 


TOTAL MASS 

(KG) 


10 


STRUCTURAL MASS 

(KG) 

• 



MECHANISMS HASS 

(KG) 




ELECTRICAL/PD MASS 

(KG) 




ELECTRONIC MASS 

(KG) 




REQUIRED QUANTITY 

• 

1 



COMMENTS (DDTIE OR TECHNOLOGY STATUS) 


$2 ,000,000 


CER'i/FACTORS 


CRiGif'iAL r :. . 

OF POOR Qci-. . 









V 


ORJGtriiU p.‘2c t3 
OF POOR QUALHV 



CER'>/f<.CTORS 










function 3.0 Berth t 4.0 Hete Ombilieal 


ITEM 


METHOD 


Space Processing Facility 
From Orb iter 


ATTACWEMT 




2 of 2 


subject Method Description 



OF POO^^ 






0 Berth SFF Co HPA vie SMS. 


0 RHS locks on Co umbilical. 


0 RMS connects umbilical to SPF. 
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1 


ORIGINAL PAGE IS 
OF POOR QUWJTf 


COST ANALYSIS SHEET 


I TEH Oa FUMCTION 

SPECIAL 'PURPOSE END EFFECTOR (SPEE) 


PROJECT/SrSTEM 
SPF— ORB ITER SERVICING 


PACE 


REF, 

NO. 


WBS 

KO. 


activity 

DEPLOY » STOW EXPERIMENT CANISTERS 
OESCRI FT 1 ON/SPEC I F I CAT 1 ON/ DES 1 GN 


MO. 


;7.o s 19.0 


SPECIAL-PURPOSE END EFFECTOR NEEDED TO EXTRACT S STOW 
EXPERIMENT CANISTER AS SHOWN ON ATTACHED SKETCH. 




DDT&E 

$ - M 

TFU 


TOTAL MASS 

(KG) 


35 


STRUCTURAL MASS 

(KG) 

0.351 

15 

0.1A2 


MECHANISMS MASS 

(KG) 

0.758 

18 

- o.*o* 


ELECTRtCAL/PD MASS 

(KG) 





ELECTRONIC HASS 

(KG) 

0.23* 

2 

__ 0.036 


REQUIRED QUANTITY 


♦ 

1 

- 



COMMENTS (ODTtE OR TECHNOLOGY STATUS) 

$ 1 , 3*3 $ 0,582 


SPEE IS SIMILAR IN SIZE. WEIGHT. S COMPLEXITY TO STANDARD 
GRAPPLE END EFFECTOR. 


CER'5/FACTORS 













FUNCTION 3.0 tmrth & 4.0 Hcct Uobilical 
ITEM Sp«e«. Procctsiac Facilicv 


ATTADfENT 


2 of 2 


ig^ifrTHothod Doseriptioo 


ORIGINAL PAGE IS 
OF POOR QUALITY 

1 

4 

TH 


CANISTER 

storage 

CRAOI.E 


0 ftortb SPF to HFA via BMS. 

0 RMS locks OD tht uabilical. 

0 RMS coontcts uabilicsl to SPF. 


-23 










COST ANALYSIS SHEET 


ITEM OR FUNCTION 

MODULE t CANISTER STORAGE S RETRIEVAL 

PAGE 

1 CF t 

•EF. 

MO. 


project/systeh 
SPF— ORB ITER SERVICING 

W6S 

‘JO. 


ACTIVITY 

DEPLOY « STOW EXPERIMENT CANISTERS 

NO. 

17.0 A 19.0 

OESCRiFTICN/SPECir iCATlOH/DESlCN 

STORAGE MODULE COULD BE A CRADLE WITH CAVITIES FOR STORING EXPERIMENT 
CANISTERS. SEE SKETCH. 




DOTSE 

S • 

TFU 

TOTAL MASS 

(RC) 


1633 


STRUCTURAL MASS 

(KG) 

1.767 

• 1697 

_ 1.368 

MECHANISMS MASS 

(KG) 

1.659 

68 

1.128 

ELECTRICAL/PD MASS 

(KG) 




ELECTRONIC MASS 

(KG) 

2.919 

68 

_ 0.865 

REQUIRED QUANTITY 


• 

1 

- 


COHMENTS (DOTH OK TECHNOLOGY STATUS) 

$6.31i5 $3.32> 


ORIGINAU PAGE iS 
OF POOR QUALITY 


CEK*»/r ACTORS 


D*2A 













fciivnY tftTA 


P 17.0 thru 19.0 Caanistar Changaouc 

iTOi Space Processing Facility 

Froa Orbitar 

frmoo 

AnAOfCNT 


PAGE 

2 of 2 

SUBJECTHachod Description 


POOU C^'ALHV 



0 RMS locks on to ussd S?F csoistsr. 

0 RMS crsnsistss canister to orbitar bay. 

0 Caniatar instartad into atoraga unit. 

0 RKS raaovas new aiatarials canistar. 

0 Canistar insartad into aapty SPF orific. 

0 RMS locks on to next used canister 4 above procedure repaated until 
all canisters have bean axchangsd. 
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ORIGINAL PAGE »S 
OF POOR QUALITY 


COST ANALYSIS SHEET 


I TEH FUNCTION 


SPF CONTROL ( MONITOR STATION 


PROJECT/SYSTfM 

SPF— ORB I TER SERVICING 


activity 
CHECK OUT SPF 


DESCRIFTICN/SPECIFICATION/DESIGH 

CHECKOUT OF SPF WOULD BE CONTROLLED FROM 
STATION IN AFT FLIGHT DECK. . 



NO. I through 


DDT&E 


$ - M 


TOTAL MASS (KG) 

STRUCTURAL MASS (KC> 3-587 

MECHANISMS MASS (KG) 

ELECTRICAL/PD MASS (KG) 
ELECTRONIC MASS (KG) 8.487 

REQUIRED QUANTITY 


2.970 


1.397 


COMMENTS (DOTtE OR TECHNOLOGY STATUS) 


$ 12,074 


$ 4,367 


CER'»/f ACTORS 










COST ANALYSIS SHEET 


1 rKZ I 


ITCrt on FUNCTION 


1 CF 1 


SPF CONTROL » MONITOR STATION ON SOC 
(SOFTWARE i ITS STORAGE ONLY) 

project/ststem 
SPF— SOC SERVICING 



ACTIVITY 

CHECKOUT » SERVICING OF SPF 


DESCRI FT I OM/SPEC I F I CAT I ON/OES I GK 


NO. 


CONTROL STATION t COMPUTERS WOULD BE STANDARD EQUIPMENT ON BOARD SOC. 
ONLY DEDICATED SPF SOFTWARE WOULD BE NEEDED. 

ORIGINAL r;. 'L r; 

OF POOR Q'J/wii Y 


TOTAL MASS 

(KG) 

to 


STRUCTURAL MASS 

(KG) 

• 


MECHANISMS MASS 

(KG) 



ELECTRICAL/PD MASS 

(KG) 



ELECTRONIC MASS 

(KG) 



REQUIRED QUANTITY 

• 



COMMENTS (DDTCC OR TECHNOLOGY STATUS) 


$ 2 , 000,000 


CCR 'S/factors 












COST ANALYSIS 5 

;hset 


ITEn OR FUNCTION 

SPECIAL 'PURPOSE END EFFECTOR (SPEE) 

PACE 

I CF 2 

REF. 

NO. 


PROjECT/SYSTfH 

SPF— SOC SERVICING 

VfiS 

•iO. 


ACTIVITY 

DEPLOY t STOW EXPERIMENT CANISTERS 

NO. 

II.O THROUGH 15.0 


OESCRlFTICri/SPiCIFICATION/OESlGN 


SEE ATTACHED SKETCH. 




DDTSE 

$ m iT 

TFU 

TOTAL MASS 

(KG) 


35 


STRUCTURAL MASS 

(KG) 

0.351 

IR 

. 0.1A2 

MECHANISMS MASS 

(KG) 

0.758 

16 

. O.AO*l 

ELECTRICAL/PD MASS 

(KG) 



ELECTRONIC MASS 

(KG) 

0.23*» 

2 

0.036 

REQUIRED QUANTITY 

• 

1 



COMMENTS (ODTCE OR TECHNOLOGY STATUS) 

$1.3*13 $0,582 

SPEE SIMILAR IN SIZE, WEIGHT & COMPLEXITY TO STANDARD GRAPPLE 
END EFFECTOR. 


CER's/FACTORS 

ORIGIM'L P',72 IJ 
OF POOi’! QUALITY 
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PLWCTION 11.0 thru 15.0 Chaagc-ouC itiBi 
Spact Procasaing Facility 

fCTHOD 


Method Daacription 


ATTAOtCMT 

■ 

PAGE 

2 of 2 



exchange 

canisters 


0 Manipulator tranafara atoraga unit froB ita atowad location (i.a. 
apara docking port or raaupply by orbitar) & bartha aaaa to aarvice 
fizturaa and docking port. 

0 Manipulator locka on to uaad caniatar & tranafara aaaa to atoraga unit. 

0 A naw caniatar ia raaovad fron tha atoraga unit & placad into the 
aapty SPF orific. 

0 Manipulator ratsovaa 2nd uaad caniatar, rapaating procadura until all 
caniatara have bean exchanged. 

0 SPF ayatama check out. 

0 Manipulator axchangaa conauraablea with EVA aaaiat. 


CWlQlvJiaL f AC£ 

6f POOH QUALITY 
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1 COST ANALYSIS SHEET 1 

ITEM OR FUNCTION 

HOOULE « CANISTER STORAGE R RETRIEVAL SYSTEM 

FACE 

1 cr 2 

REF. 

NO. 


PROJECT/SYSTEM 

SPF^SOC SERVICING 

WBS 

VO. 


activity 

DEPLOY S STOW EXPERIMENT CANISTERS 

NO. 

ll.O THROUGH 15.0 

OESCR 1 FT 1 C;i/SP£C I F 1 CAT 1 ON/OES 1 CN 

MODULE COULD BE A CRADLE, BUT.VITH BERTHING PORTS ON BOTH 
ENDS AS SEEN IN ATTACHED SKETCH. 

DDTSE $ - M RECURRING 


TOTAL MASS 

(KG) 


16RT 

— 

STRUCTURAL MASS 

(KG) 

6.117 

■ Jiaz 

^ 10.016 

MECHANISMS MASS 

(KG) 

1.659 

—62 

» 2.030 

ELECTRICAL/PO MASS 

(KG) 




ELECTRONIC MASS 

(KG) 

2.919 

■ 

^ 1.520 


REQUIRED QUANTITY 


COaiENTS (DDTtE OR TECHNOLOGY STATUS) 

$10,695 $13,566 

OKIGINAL PAGE IS 
OF POOR QUALITY 


CER'»/f ACTORS 


TFU 

5.565 

t.126 

0.8li5 

$7,538 
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FUNCTION 11.0 thru 15.0 Ch«nge-ouc iteas 
ITEM Space Procesaing Facility 


SUBJECT Method Description 


ATTAOf€Nr 


2 of 2 


transfer. 

storage 


Hill 


EXCHANG£ 

canisters 




0 Manipulator transfers storage unit fron its stowed location (i.e. 

•1 spare docking port or resupply by orbiter) & berths same to service 
fixtures end docking port, 

0 Manipulator locks on to used canister & transfers same to storage 
unit. 

0 A new canister is removed from the storage unit & placed into the 
emply SPF orific. 

0 Manipulator removes 2nd used canister, repeating procedure until 
all canisters have been e^hanged. 

0 SPF systems check out. * 

. 0* Manipulator exchanges cotisumables with EVA assist. 


OF POO.-. C;-JAL:TV 











End of Document 



